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Confederated Tribes of the

Umatilla Indian Reservati
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on

REVIEW AND COMMENT ON NEEDS AND REQUIREMENTS FOR CONSOLIDATION OF SITE-WIDE
GROUNDWATER MODELING AT THE HANFORD SITE

In May 1996. at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy, Richland Operations Office
(RL) to develop a site-wide consensus gro ndater o~el for the Hanford Site.
RL's Site Management Board directed thO Erlronmental 4Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. In a RL letter to the regulators, stakeholders, and
tribes, dated July 28, 1997. RL made a commitment to initiate the site-wide
groundwater model consolidation task.

As a result of a number of meetings with RL, contractors, regulators. tribes,
and HAB in review of past modeling work the "Need and Requirements for
Consolidation of the Site-Wide Groundwater Modeling at the Hanford Site"
(Attachment) document has been developed.

Please review and provide comments by March 3, 1998. If you have any
questions, please contact me on (509)373-9626.

Sincerely.

GWP:RDH
R. D. Hildebrand, Project Manager
Groundwater Project
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Executive Summary

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency in groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
programs, 2) model enhancements based on new data/information and improved technical
capabilities, andaNinodel flexibility to address new program needs and decisions. As an
initial step in:F.:Y.j;&the consolidation process is to provide a current Hanford site-wide
groundwateimiwii6 li*aW on a consensus hydrogeologic conceptual model, a consolidated
databasef-anda e selecti f computer codes to implement the numerical model developed
based anitiiconsensus co ceptual model that will meet near-term and long-term needs and
requitwdients of internal 440 external Hanford site stakeholders.

At Hanfoiseveral gia idwater moeling programs have developed among the three
major contri.itatprnii-e Hanfiddiission changed from special nuclear materials
production todidihiinental roqeast.-i|;i..The Project Hanford Management Contractor
(PHMC) presently maintaja "imgdbse zc sfiand groundwater modeling capability in
support of active and pamm. posals ifithe 200 Areas and operational issues at the site.
Bechtel Hanford, IneUBHL s i2::tly mnains a site-wide groundwater model in support
of past-practice operadi:unit in Ijfdgnd cleanup activities. Pacific Northwest
National Laboratory (PNNL) prestftffiffiintains groundwater modeling capabilities for the
site in support of the site-wide W i#dwater monitoring program, and vadose-zone
modeling capabilities for a vari4i iif site and nationalhp..grams.

............... ...... a .
This report provides an initial aiessm requirements necessary to move
forward in the model consolidationvio.12he recaameonded needs and requirements
were largely derived from a review dfii6t e enJljjei planned groundwater modeling
activities provided by representatives of majoi$ pemdFams including Environmental
Restoration, Waste Management, and Tank WagEihediation Sy&.W'programs. Input
was also provided by involved Hanford Site co nknkbr represerinine&. tmBHI, CH2M-
Hill. PNNL. Fluor Daniel Northwest (FDNW):Waste Manardit FederalServices
Hanford (WMFSH), Lockheed Martin Hanford C.mpant(LM ) anHT bs
Engineering Group, Inc. (JEGI).

Based on a review of current and planned groundwater modeling acities at thNihthe
following needs and requirements have been identified for the consolidated site-,**E!if
groundwater model objectives, the conceptual model and associated database, iodiJ
computer code needed for implementation of the numerical model.

Consolidated Model Objectives: The consolidated site-wide grosii.nJ.er model
should be capable of being used to meet a variety of Hanford Site projNd6bjectives
including the following:

* preliminary screening of sites for locating waste disposal facilities

" site performance assessments of proposed waste disposal facilities
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* assessment of environmental impacts involving the prediction of contaminant transport
and dose modeling for site-wide and local assessments

* design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup.

" design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydraulic behavior of the water
table and unconfined aquifer system in response to changing waste management
practices, envimonmental restoration alternatives, or waste facilities end states, and
performanc dgrlj undwater remediation alternatives

* risk as4sm" ..

Consoldated Model Cmo'ceptual Model and Database Needs and
Requirements: The majqrneeds and requirements for a consolidated site-wide
groundwgerrmodeln. pk.gram with respect to the conceptual model are as follows

* A commoft rite-wide modeig:4 tab.ase based on a geographic information system and
containing all the inforg Mjin-ecessqry o develop parameter estimates for a model
should be used in a4 iwd I applcems.

* This modeling database should *b ed iion a consensus interpretation of the available
data.

* The database and data infterprations should he -difd as new data, on both the local
and regional scale, become a'vailable Thii ihjngei parameter databases should be
maintained using appropriate con@&""'#' ... ntr. procedures to establish the pedigree
of all changes

* Any conceptual models that make additionatl'siii"fications to... fite-wide modeling
database should include adequate documentasgrn to demons;*iniikistency. Such
documentation may include a list of assum ik s made, thIr I'tifi ...n, and
comparisons with simulation results based oiithe most -:.12 and O*plex
conceptual model.

Consolidated Model Computer Code Requirements: The code selected 1Vf::.
implementation of the consolidated site-wide groundwater model should provide the
following technical capabilities and characteristics. The code should be capabui oF

* simulating two- and three-dimensional saturated, unconfined and confined flow of
constant density water in an isothermal setting for either steady statr or transient flow
conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-situ REDOX treatment
methodologies, capabilities to simulate the effects of variable density would be
desirable
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" accommodating the spatial variation of hydraulic parameters (hydraulic conductivity,
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

* simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

* simulating flowsconditions at the scale of the entire Hanford Site with robust sub-
modeling espabilhy to facilitate the systematic transfer of attributes of the flow and
contammanumnsp& model derived from the site-wide model for use in local-scale
modeliwgsessmn*t as appropriate

* . cffcCtively simulatingfIow on a variety of time scales ranging from a few years to
IOOO0years at both th scale of the entire Hanford Site and at the local scale

* simulatmgjatadinant fluxae. .iN two- and three-dimensions as a function of driving
hydrologit prdcesses and mass traflport phenomena, including advection,
hydrodynamic dispersn I ieculahffusion, and adsorption

* representing geochtmital retardatwrn vsing a linear equilibrium adsorption model where
the distribution coef icient (Kd) depcids only on the contaminant and on spatial
position

" treating the effects of radibPiVe decay. Anoth@desrable but not required feature
would include the capabilityto analy e: th0 ffwts .. romplex decay chains (for
example, the decay of uranium)

" efficiently simulating flow conditions only, .. atmnant transpoqg:.based on previously
simulated flow conditions, or combined flow ..d.ontamiant t-sport

................. ............
* efficiently performing streamline (for steady-sate condibi),.and pafi;i. (e.g. for

transient conditions) analyses in two- and three-dim.i ...ns.

" Incorporating time-dependent and spatially varying boundary c6 nions Thcode
should be capable of simulating homogeneous and non-homogeneous Dirichlit
(constant head/concentration) and Neuman (constant flux) boundary condstioii The
selected code should also have a prescribed approach for incorporationt wOf i- and
space-dependent sources and sinks of water and contaminant

Administrative requirements for the selected code include the followinigi;

* pre- and post-processing modules that allow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software to
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations
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" An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraulic properties, boundary and initial
conditions, and sources and sinks

* evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

* availabihty o internal contractor and external stakeholder use at a reasonable cost

* the msniStaTeent versiii of the code should be available, preferably the last one that has
beeinffdly tested. Fcm codes that are well established, the use of a well-tested version
mayoutweigh the use of a newer, but less tested version. The software should be
rmintained under a ialhty control program that documents modifications.

* availabiliydtvtiety of compgtwional algorithms and solvers to facilitate the efficient
simulationdof a wide variety glnw ad contaminant transport problems and
capabilities to mun on awyuiMly of computational workstations and platforms including
UNIX-based workstatios.

* proprietary codes will be conrneedif they provide an advantage over public domain
codes and only if the author(s). tstodian(s) allow inspection and verification of the
source code by DOE and i ntractors. These imspections and/or verification reviews
may be required to assist DOE to rectify prkI .l>sugcguntered in application of the
code or in working with th ede author(s dvie% tkchnical approaches for required
code enhancements.

* the selected code should be sufficiently we*1 Cwmented and well supported by the
code developer to allow for rectification of tdchkiza1 difficultes tint arse in its
application to Hanford specific applications

Other Needs and Requirements: Other needs and requinaa that r%1& be
considered in a site-wide model consolidation include the rlMowmA

.. . . . . . .......... ...

* development of a process to foster greater consistency in applications of groi ".r
models by various on-site programs

* site commitment for long-term maintenance and care of site-wide modbn . apabilities
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which included the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
5, 1996, John WVMi er issued an RL Letter of Instruction to affected RL Programs, and
Site Contractq9*iiEiii4.,with RL and contractor customers, tribal and stakeholder
participatiod"M NL.' i*i4evelop and maintain a predictive Hanford standard groundwater
modeL.," :Iletter ttgulators and stakeholders dated July 28, 1997, RL also made a
commiento initiate tki'iOnodel consolidation process in FY 1998.

At Hadrd, several grondw:vater modeling programs have developed among the three
major coiarctors -9siC04*VeHanfordi nission has changed from special nuclear materials
production tn6W. ii*tal resotomi.n. The Project Hanford Management Contractor
(PHMC) prese iyii6intainsaJ M.tu'ne and groundwater modeling capability in
support of active and plarne iti salstitbe 200 Areas and operational issues at the Site.
Bechtel Hanford, Inc., ... ise ntly itains a site-wide groundwater model in
support of past-practc.per.B. I amt invtoij.ations and cleanup activities. Pacific
Northwest National UAbitatoryM .. I..ipWsently maintains groundwater modeling
capabilities for the site in support t&iiiet-wide groundwater monitoring program, and
vadose-zone modeling capabiliti0If.i a variety of site and national programs.

The purpose of the model coxi i4idation is to esrab#i* sik-wide modeling process to
foster I ) consistency in assumpbns in:aIi iW .. a.t rograms, 2) model
enhancements based on new data/ixifftxNNmid.. imp...edd technical capabilities, and 3)
model flexibility to meet and support:ieWir.gam n. . and decisions. As an initial step
in FY 1998. the consolidation process is to pfiidjie.k ii-rent site-wide groundwater model
of the site based on a consensus hydrogeologic Cometual modeliiiabse, and numerical
model that will meet near-term and long-term neAs.ind require t ernal and
external Hanford site stakeholders.

In FY 1998, the scope of the model consolidation is needs ardis
requirements of a Hanford site-wide groundwater mdi;) evaluidi&NIrrent
interpretations, data, models, and codes, 3) make recornimendations T6r consolidii 4)
conduct review of recommendations, 5) document review and recommendation
initiate implementation of the recommendations.

Current plans also call for completing implementation of the site-wide g W ater model
and development of a multi-year program plan in FY 1999 to providecgoihiUed support for
the site-wide model from the years 2000 to 2005.

1.1 Approach for Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel. An overview of the model consolidation
process included descriptions of the four major tasks:
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0 development of site-wide modeling needs and requirements

* technical evaluation of site-wide conceptual and numerical models

* recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical model

" implementatih'if the recommendations.

To facilitMwh developmtnt of the needs and requirements summarized in this report,
progragrepiesentatives were asked to provide an overview of current and planned model
actvit..including identifcation of supporting planning and technical documents. The
documents identified prOie the basis for summaries of current and planned groundwater
modeling*i vities .desibed in section 2 of this report.

RL also consuIWe :wI"h represent6kves .f the U. S. Environmental Protection Agency
(EPA), Washington State Drhwent &iicology, the Hanford Advisory Board, and
affected tribal nations thb idWed4 the NTPierce Tribe, and the Yakama Tribal Nation
about the model cons. jidgtin pr4css. Apthough RL was unable to meet with
representatives of the C.n6ederaidTnfig of the Umatilla Indian Reservation prior to
preparation of this draft report, RWi i-the process of arranging a consultation about the
model consolidation process anda: .py of this draft report will be transmitted to them for
technical review and comment

To facilitate the technical evaluation of sj -wide lonve.:::l ad numercal models and the
implementation of the selected comp RL jineds to conduct a series of
workshops with technical points of conMfttjm intenf program and external regulator
agencies, tribal nations, and interested public sti& lder groups. The purpose of the
workshops will be to review and identify key dit cc. es in assumirins and approaches in

* current site-wide model uses, including temrja] and spatia scales e%'ahated, scenarios
addressed, contaminants of concern assessed, etc

* current site-wide hydrogeologic and geochemical iripretationsiid associatdj
databases

* existing modeling implementations and assumptions including the purps and scopenj
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical midel applications and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL will
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

* current site hydrogeologic interpretations
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* current site hydrologic conceptual model for groundwater flow and contaminant
transport

* selected computer codes and related software.
* development of parameter databases and their implementation of numerical models

* a process for ensuring consistency in modeling applications performed on site
* a process for long-term maintenance and care of 1) recommended hydrogeologic and

hydrologic databases, 2) model parameter databases, and 3) site-wide model(s) and
computer codes.

The develop.d ecmmeIndations will be presented for review by an external peer panel
(early May 19Y and:tinternal and external stakeholders by mid to the end of May 1998.
CommenR 5jn'd suggestirns solicited during the review will be evaluated and to the extent
possible wi%1 be incorporated into an RL document titled, Requirements, Review, and
Recommendations for a Co solidated Site-Wide Groundwater Model for the Hanford Site,
by August 30, 1998.

Following revirw Iftherecomnndations for model consolidation in the May 1998 time
frame, RL will iitiate the ime ian of the recommendations. The proposed date for
completing implementation0 bftheonsoidated site-wide model, including the development.
calibration, applicationuQ addmentatidi".is currently planned for July 30, 1999.
However, this proposed dat .mayd t'ie- e'vised based on the recommendations and
resulting scope.

1.2 Purpose and Scope j: Report

The purpose of this report is to documi the iniI*Easesent of needs and requirements
necessary for site-wide consohdation rntwater deling. These needs and
requirements are based in part on an itial r .i. ..f.rr.ent and future groundwater
modeling activities being planned by the Enviro flta1RestoratioriWaste Management,
and Tank Waste Remediation programs at the H..f.rt Site The iciioand requirement
also reflect input collected from external stakeh;ddrs includon LL S EPA Washington
State Department of Ecology, the Hanford Advbsr Board,nd '.o of th tfected tribal
nations (the Nez Pierce Tribal Nation and the Yakhma TdiaM Nabin) ReprEsentatives of
the Confederated Tribes of the Umatilla Indian Reserv 0 will becansulted anidAsked to
participate in the model consolidation process. .

The remainder of the report is separated into two sections organized in the folIowwg
manner:

" Section 2.0 provides summaries of current and planned groundwatmrmdeling
activities of major program areas at the Hanford Site, including th&E-i'ronmental
Restoration, Waste Management, and Tank Waste Remediation System Programs.

* Section 3.0 provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process
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2.0 Current Groundwater Modeling Activities

The following is a brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (i.e., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely derived from
meetings with representatives of RL programs and site contractor personnel and review of
related key technical documents. In performing this review, a conscience effort was made
to limit groundwaelkinodeling activities to those completed within the last three years (i.e..
since 1994) uTXO Uil, hreview of past groundwater modeling, for the most part, is focused
on those mnoi.dl:: addMies completed since 1994.

2.1 .KyfProjects in:hile Environmental Restoration Program

Follow tjS a review fQirject activities that have used groundwater modeling to support
major objvde.iY0 f orgthEiivironmital Restoration Program. These summaries reflect
information..r...d ..by RL techtij:iioject managers and contractor personnel from BHI
and PNNL. Th oidelmg accdyi iessu anzed include those associated with the
following key activities wi.... teER prgram.

* Development of the Hanford Silr-Wide Groundwater Remediation Strategy
* Remedial investigation / feasibbty-sfldy of the Environmental Remediarion Disposal

Facility
* Design of Interim remedig masures in the 100 andi20E0 Areas
* Assessments being done under the Hjn.rffindJaiir Project including:

* Monitoring network asssto; .. .....
* Impacts on Drinking WateSystems and jiftundwater Uses from existing

contaminant plume transport
* Composite Analysis being performed in respofise to the Defeint Nwikear Facility Safety

Board recommendation 94-2
* Hanford Remedial Action and Comprehensivi.Land Use En4ironmenta pact

Statement

The following summary focuses on groundwater modeling being dome to suppoff.
evaluation of groundwater impacts and does not specifically discuss risk assessminiiii;:
methodologies being used to support cleanup of soil contamination at many CELagw its
in the 100 and 200 areas. Much of this type of remediation work at the Hadf rdsite has
been supported with the implementation of a dose assessment methodolo....gommended
for deriving site-specific soil remediation guidelines called RESRADAd4i.1i'.ped at Argonne
National Laboratory (Yu et al. 1993).

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.
This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).
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Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatial distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargpfrom site operations was based on available reports.

Hydraulic cgibii!ata from aquifer tests reported in previous studies were used.
Scaling frd iihtumi t!kt point measurements to the areal values consistent with the
ground. I :iumerical el was done with the EarthVision software.

Twael6:n.merical codes e evaluated for use in the site-wide groundwater modeling.
The VAM;DCG code:*iMt selected because 1) it uses a robust set of solution algorithms, 2)
the origiriMvedvio well-kni expert and was available for technical support, 3)
the code effidk isiulates unmC.j& aquifer conditions, 4) the code allows the use of
transitional elements to refirbMjd jjijmnLjWa grid over specific areas, and 5) the code can be
used to model unsaturatedf:i ioblm....:

Grid sizes were choseniikibalancxei sqltVmiaccuracy) and required computational time.
The initial grid chosentbo model grouis si flow and tritium transport used uniform 600
m by 600 m elements (18,277 nokj) :and required about five hours of computational time
for a 200-year simulation (usin :ii~GI Indigo 6000 computer). This grid proved to be too
coarse to model smaller contaafiit plumes and dmuid.vs refined in the 200 areas to
have 150 m by 150 m elements.::A elemn i Niftl plane were rectangular (or
square). 200-year simulations with theftt0 jod (0 84!ifides) required approximately 23
hours.

Six elements were used in the vertical dimen or the pre-M.soula/Hanford
formation and three for the Ringold formation FIement size varidifiau:.5 m to 20 m.
The vertical elements were deformed (non-rectam| lr) to maw ..d..iii of the
hydrogeologic formations. Hydraulic propertieswithin each oth two fi*iaons were
vertically homogeneous.

Hydraulic conductivity and porosity varied spatially in'ihe horizont iriection ! M:
assignment of conductivity to elements was based on observed aquifer test data
Conductivity was isotropic in the horizontal direction. Vertical hydraulic condiw o ibs,.
were set to one-tenth the horizontal value for each element.

Calibration was carried out by adjusting assigned hydraulic conductividtii s:ibving for the
steady-state flow field, and comparing the model results to the averag Nier level
measurements from 1976-1979. Transient flow simulations of 14 yearswere also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine- 129, uranium,
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technetium-99, nitrate, carbon tetrachloride, trichloroethylene, and chloroform) for 200
years using 1995 data as the initial condition. Initial sources in the 100 and 200 areas were
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 1995d).

2.1.2 EnviroWWc tal Restoration Disposal Facility

A remedisjk fristigatio Ifasibility study (RI/FS), described in DOE/RL (I 994b), was
complg!UIW *xanine thiil- pacts of construction and operation of the Environmental
Res ii. .... Disposal Faciliy (ERDF) located in the south-central part of the 200 Area
plateain::4The purpose of the.RI/FS was to support the goals of the Tri-Party Agreement for
the reniilof contar:iiWtS from portions of the Hanford Site (including near the
Columbia RieiWeixi iijidiely mannet: allow those remediated portions of the site to be
released for otf:t!ptductive iiL .

The ERDF was proposed. -s tt ceivinglmcility for wastes generated by remediation of
the Comprehensive EntfiOienm.RespoI#,i Compensation, and Liability Act (CERCLA)
past practice units at..... HIford?... .h.isposal facility is expected to receive only
remediation waste whidh are expoge d.. ii6nsist of hazardous/dangerous wastes,
polychlorinated biphenyl (PCB). :'F, asbestos waste, radioactive waste, and mixed waste
(containing both hazardous/dag--Iis and radioactive.. ste). A large portion of the waste
in the ERDF are expected to di"i7 iiate from are;* 1.2 1Polumbia River where operable
unit records of decision (RODste expg t re vation and removal of large
volumes of remediation-generated wa is .ERDE 4

As part of the RI/FS, a fate and transport mode was e*vloped to pre.dict groundwater
concentrations at the ERDF boundary. Model pii6d. MW concentratam. were compared to
1) Hanford site background concentrations to idensWfcontamin its would exceed
background and 2) were also compared to risk- . de minin cei ons to develop
a list of contaminants of potential concern.

The time frame of concern was 10,000 years, so a I0 year trael me cornskOt was
also used as a criterion for identifying key groundwatertontaminants Thus, somvipin,
contaminants having a travel time in excess of 10,000 years were not considered.MlZ7..
groundwater contaminants.

This analysis used a fate and transport spreadsheet model that was develpj'&fiihepresent
hydrogeological conditions of the ERDF site, the physical and chemical.Wrties of the
waste form, and the fate and transport properties of each contaminani oittituent. The
estimation of these parameters relied first on the ERDF-specific information and then on
Hanford Site background information, when available. Saturated zone parameters included
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L, and 5) a saturated
zone mixing depth of 5 m.
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The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1 994b) was used to evaluate in more detail the various alternatives considered in
the RI/FS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the- implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners.
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of *ijactivities has been carried out recently in the 100 Areas to support
focused feaA h1ty itidt$s and interim remedial actions. The activities briefly summarized
here includ&:Th

* numerical sirniuition of strontium-90 transport from the 100-N Area liquid
waste disponl.cilities (LWDF's)

* eva~ ~ta ie N-SpEts barrier and pump and treat system

* foued feasibility i he 100-H, 100-D, and 100-K areas
* design of the ite medidjktion for the 100-H, l00-D, and 100-K areas.

2.1.3.1 100-N Area:W Smu p.Q 2

Strontium-90 transport was simul inthie 100-N Area to estimate the effect of the LWDF
on the future water quality of thegno0.nfined aquifer at the shoreline of the Columbia River
Connelly et al. (1990. This i4ilged estimating dos xnder a no-action alternative. Water
levels were expected to chang&%ii.en the cessam fi lages to the LWDF.

.................. ..

VAM2DH was used to simulate a tvi4&ilhntlnal crd ection of the unsaturated and
saturated zone. A similar study usingN4ei 1g:gde" 9. .een previously carried out for the
100-N Area (Lu, 1990). PORFLOW-3 was us &Muiiitlate flow a4d.transport in a three-
dimensional domain consisting of the unsaturate&d iSe and the unrjikifiied aquifer.
Reasons given for using both models were compijdN:& with inieNgdopment and
maintenance procedures and previous use at theHaniford Sit -J1C POFL.eW-3 model
used a Cartesian grid with variable grid spacing and a tot rt .. M"of 34,81.6 grid cells (32
by 34 by 34 grid cells). ....

The Columbia River was modeled as a constant head boundary that wis allowediA 4Vjy
over time according to the observed seasonal change in river elevation. The boto ib
model domain was a no-flow boundary, representing the upper mud unit of thaE..g61ift i."
formation. A small, constant flux was applied at the top boundary to repreoigjj@khg-teri:>::
average recharge of 5 mm/yr. The remaining three sides of the domain.ii&-dhstant head
boundaries, with the head values set to result in a gradient across the~doih of 0.00095,
the observed gradient in 1964 (the year discharges to the LWDF begant-):he discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
characteristic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.e., the unsaturated zone properties were
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homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations.

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

Calibration usigg.flow model compared simulated and observed arrival times of a
conservatiy ..ti.k.water table elevations in July 1969. The only parameter adjusted
was the hytaii.ic condi%4byity. The arrival times and the water table elevations could not
be simugisabusly matche:iby varying the conductivity alone. The conductivity value
chosdif...i..se in the simdiltion was a value between that matching the arrival times and
that gtthing the water table elevations.

Calibratiimii heisk Vaansport Iel compared the simulated and observed
concentratioiirtiOkim-90 al uings in 1974. The parameter adjusted was the
distribution coefficient. A at CUfWg.nhis parameter was applied over a thin layer (0.68
m thick) beneath the strondiisourcesatA to represent potential filtration of particulate
strontium-90 by a slu.' ..-e calibiitibn simulation was carried out from 1964 to
1974, although there ftrh6o s6fli@Ilrnikk -afor strontium-90 over the years 1964-1972.
The limitation of this calibration a&l :Wj.as recognized.

Results from the model were sbhikii:s plan and cross-s.ctional views of the water table
elevation and the strontium-9Oton.Tentration. Trq 9 were also shown. The
simulation was carried out fronfi-964 (the.*t a t 04 p .. to the LWDF) to 2020.
Strontium-90 concentrations at the ri .i.d. nd n r flux into the river were used to
calculate doses.

2.1.3.2 Evaluation of N-Sprints Interim Remed tion

An additional model of the 100-N Area groundwater was to evalUat the ability
of proposed interim remedial alternatives to limit the flibf strotlgim.0 into kbtColumbia
River ( DOE/RL, 1995e; see also DOE/RL ,1996a). Thiialternatives ts5nsidere .d.wefta
barrier wall, with and without a pump and treat system.

Two codes were used in this modeling activity. Flowpath was used to model PV
dimensional groundwater flow in plan view. PORFLOW was used to mgdilt flow ahd
transport in cross-section. Both codes use the finite difference method.: ffii odels
looked at saturated flow only (i.e., flow and transport in the unsaturatiJiidiie were not
considered). Both models used Cartesian grids with variable node spacilig. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 feet to
1000 feet by 500 feet. The cross-sectional model based on PORFLOW used 5100 nodes
with cell size varying from 0.25 feet by 2 feet to 1 foot by 2 feet.

Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged, it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concern.
The head along the river boundary was set at the mean yearly river level from automated,
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hourly measurements during 1993, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual nodal head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLOW, an assumption was made as to how
high the steady-sM water level would be in the presence of a vertical barrier wall. This
assumption w.*bdd.,on the results of previous modeling. The water level value arrived
at was appl!i...liij#4i&radient boundary for those cases in which a barrier was used.
Top and t 7jjfrtouinWg s were no-flow as was the down-gradient boundary representing
that pod Q f the aquifinider the river.

The transport portion of dircross-sectional model based on PORFLOW used constant
concemiaytion boundari &~2erywhere. Initial conditions for the transport set the relative
concentratiqi ag iKii top 2Q tei of the aquifer and to zero elsewhere. The transport
boundary and!hfi'didiiditions..i...b.sed on previous reports that strontium-90 is limited
to the top of thfinconfined: i'a lifh.

All parameters were asa$ :m ed talspatiakly homogeneous. Only the Ringold formation
upper gravel unit andilhpi - per n-*ja-ni modeled. Horizontal hydraulic conductivity
in the gravel unit was liken as the"'i4ylue from six aquifer tests in the 100-N Area.
Vertical hydraulic conductivity wjggken as one-tenth the horizontal value. The
conductivity in the mud unit wd.i-k;n from the literature for a similar soil. For the mud
unit, conductivity was isotrofig iWl] but one case.i. 1iIId sensitivity analyses were
conducted by adjusting the hyditikilic conduti v Nflia 'be model.

Thickness of the unconfined aquifetWak.00ned toqdbf!onstant and was based on existing
data. For the cross-sectional model, tlii disrtitgnisiifficient for strontium-90 was
determined by assuming a retardation factor o6iIKb ed on previAps studies. No
explanation was given for the source of the bulk.i4@*!Jity and effi osity values. For
the cross-sectional model, the longitudinal dispity was s prxmey
one-tenth the size of the grid cell. Transverse ditiifisivity fipirt xne mAe
longitudinal value. ..... psseti;a n t

A number of remediation alternatives involving vertical 'barrier wail fgWdiffere .ni gths
and various number of pumping/injection wells were simulated with the plan vieqjMWel.
Strontium-90 concentrations at the river were estimated from calculated travel t[Wd!kA&-.:
interpolated initial concentrations. The extraction wells were found to have a!hiiii1 ....i..
on the flux of strontium-90 into the Columbia River. The effect on stronuiaM. flux frd
varying the position of the bottom of the barrier water (from 1.2 m intakliiid unit to 0.6
m above the mud unit) was examined with the cross-sectional model 2igg:.

2.1.3.3 Bank Storage Modeling at 100-N Area

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990:
DOE/RL 1995e, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River's stage are cyclical
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and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the 1 00-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
a recent application of a two-dimensional cross-sectional model of the Columbia River,
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Multiple Phases (STOMP) code (White and Oostrom, 1996.
1997; Nichols et al., 1997) was used to simulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the4Q0-N Area.

The cross-s...i.iidii .sed consisted of 10,286 cells extending about 400 meters
northwestf.is...f 1994,;67. Grid cells varied in size from 0.5 by 0.5 m at the vadose
zone seepaTace to 3 iy4,5 meters away from the vadose zone seepage face. Of the
10,2.:g..id cells modeled 3585 cells lie above the Columbia River bed or on the land
surfau

The stratbgsIy u lie modei-g was based on geologic data from boreholes drilled in
the 100-N Anijd tyiro majolljsti eclogic units considered included the Hanford
Gravel and the fngold Unir iehI variably cemented pebble to cobble gravel with a
fine- to coarse-grained swnutidfx. The v ical sequence modeled ranged from an
elevation of 125 m to A.d.' ii#J7 met itI-where the base of the model was assumed to
b e t h e t o p o f t h e R i n g l: M u d ..... ......

Boundary conditions assumed in.fim nodel were as follows:

* The lower boundary on ti5 of the RingW was assumed to be a no-flow
boundary. .

* The upper boundary was set to a natural rieiarg '..lue of 2 cm/yr.

* The right boundary of the model was set at ...lw in the .v z :,and to a time-
dependent constant head boundary, which 10 varied on ourly I based real-
time water level data recorded for well 199N 67

* The left boundary in the river was set as a no flow boundary

* Nodes on the river bed were set to a time-dependent constant head bourdwy b ased om
real-time river stage measurements made at the 100-N Area river mor uii.....station.

Initial estimates of hydraulic conductivity and porosity were develope Exised on aquifer
tests and soil analyses collected near the 1301-N and 1325-N faciIities7Estimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydraulic conductivity and porosity
were varied to calibrate the model to transient observed water level measurements in wells
between the Columbia River and well 199-N-67.

A 125 hour transient simulation was used to develop initial conditions for a four-week
period of simulation. During this period, the model was used to simulate the transient
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interaction of the Columbia River and the unconfined aquifer in one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results wero
summarized in an innovative time-series animation of river stage and aquifer head
fluctuations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particlttracking analysis showed that consideration of the cyclical transient
conditions of ma i:fb.can increase water velocities over velocities calculated for steady
state condi;idi Wti ihass calculations also demonstrated the importance of bank storage
in calculg tal wpin inovement from the unconfined aquifer and the Columbia River at
100-N Ati:Both of ths factors need to be evaluated in the final design criteria for
remedi kWii technologie~ 6[nsidered along the Columbia River at the 100-N Area.

2.1.34 iFocused Feas y Studies in the 100 Areas

Focused feasibilit nSiidies at thr1 IR-3 and 100-KR-4 groundwater operable units
used groundwififlow and s i eling to compare remediation alternatives for
chromium contaminationI.:.lT* modeliib activities are described in DOERL (I 995a, b,
and c). The modeling i#g4Aotui cnded ibc used for design purposes or for quantifying a
measure of remediatilii ... ctivssi or litiency. Separate models were developed for
each of the areas withfirthe two oj&!Utlg its. MODFLOW was selected for flow
modeling based on its ability to si#nlIilate unconfined flow on a desktop computer. MT3D
was used for transport because #jIkIell documented aa4 interfaces with MODFLOW.

Natural recharge was assumedib occur at.&.rfj Y; In the 100-H area, however, a
recharge value of 7.3 cm/yr was used i prq...... a better fit to water table data.
it was assumed that there is no hydr6W'g~ui between the unconfined aquifer
and lower layers, that the contaminanti are uu:! %r ixed throughout the aquifer depth,
and that there is no source of chromium in thei..... ited zone. TheiColumbia River was
modeled as a head-dependent flux boundary, wi .....change in he river over the
length of the model. Steady-state flow was mod

Elevations for the bottom of the model were deri d fro .. on oe' .. toured
borehole data. Conductivities were determined in a cabdibiaon uin e steadcjtgte flow
model and matching water table data from 11/16/93. Ni the 100- flkrea mod&L'iingle
layer for the aquifer was used. The hydraulic conductivity was uniform except fqisijinited
area around a set of four wells. For the 100-H Area model, a second layer repwi#dW1gjhe
Ringold formation was added to improve the calibrated fit. Different conducWi&iLws7.wed
used for the two layers of the model representing the Hanford and the Ri . rma. i..
For the river, the bed thickness was assumed to be I m. The conductiVj45i9he river bed
was determined in the calibration. The River Package in MODFLOW*#W ised to model
the river.

A sensitivity analysis of the I 00-D Area transport model was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simulate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall) and the
location and pumping rates of injection/discharge wells. Simulation times varied from 14
to 21 years.

2.1.3.5 Interim Remedial Action Design in the 100 Areas

Additional mode4iswere developed of the 100-HR-3 and 100-KR-4 operable units to help
determine the piastment of new wells and the use of existing wells to support the pump and
treat interimdjm I i Iii. on, and to estimate extraction/injection rates for design (ERC,
1996; DQF ! 0 .19961,,.The MicroFem code was used for this design study. This code is
a two-d .fi.i.. onal finite element flow simulator with built-in pre- and post-processing and
aut.im 4iiangular) mis generation. Stated reasons for selecting this code were the
abiliiy *tget high-resolud& grids around pumping and injection wells, use of the finite
elemeni i thod, capabdifi'to model transient and steady-state conditions (flow), and the
generatiiffgraph -.iLtput.

The Columbia e was assukltdobeline of the boundaries for the 100-H, 1 00-D, and
100-K Area models. The0iir smodeled as a constant head boundary with the river
stage known and contaat iii .m The fl.Nhrough the river boundary was calculated as
the product of a vertic rcsrEsstac1e w u e river and the aquifer and the difference in
head between the rivertage and i AqWFe The 100-H and 100-K Areas were felt to
have no natural boundaries so the delboundaries were located far from the wells to
minimize boundary effects. Nc4W| boundaries were adopted approximately
perpendicular to the river and' 4s&istant head bound nm re used parallel to the river. The
constant head boundaries were l?"Tice along..tw mRuigti4..ibydraulic head contours from
water level measurements. For the :!A-'.delA stant head boundaries were
used. These boundaries were basedi ge o.0jijharge across natural boundaries
and on a water table map of June 1995: The tm bo iindary was set to the Hanford and
Ringold contact for the 100-H Area model and *tcpi ii*j of the uppa.mud unit of the
Ringold formation at 100-D.

The model parameters required were transmiss porosit aquifertiikness. In all
cases the aquifer porosity was assumed constant. or th.belO R&a moddLa constant
conductivity was assumed based on the average valueg:d ifer tiisults. ASiable
aquifer thickness was assigned based on interpolation6f water leViihata and
Hanford/Ringold contact data. Transmissivities were therefore spatially variable
Calibration was conducted using a steady-state flow model and comparing predactjad
observed heads for 1/94 to 8/95. The resistance term between the river and ie.ife
varied.

For the 100-D Area model, aquifer thickness was assigned a uniformrIake because there
was insufficient data to support a spatially variable thickness. Transmiivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.

13



For the 100-K Area model, thickness and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for
the l00-D Area model.

Steady-state flow fields were calculated for the 100-D and 100-K Area models. Five-year
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model results.

2.1.4 200itgiiR6ifrhediation Activities

A capntin npe analysisMdihe 200-UP-I and 200-ZP- I groundwater operable units has
been carrie out. These njxhdeling analyses are described in WHC (I994);see also BHI
1996a,)j The stated obj=ckives of this study were to evaluate alternative interim remedial
actions, tt.ssess refweiniits or expansions of interim actions, and to help choose a final
remedy. Additi0 s.fic objeci!@s were to assess impacts of changes in the water table
elevation, to ~isid Well conrij ini.for the pump and treat, to design and evaluate
monitoring networks, to evaliicilk:draIkcontrol and containment, and to predict
contaminant transport pa #giind travfisnes.

The VAM3DCG coiin nsr8code-ivWss sM1itd for the following stated reasons. It was being
used for the site-wide niodeling ardkwihi .. 200 Area results could be more easily
integrated into the larger scale mqiKiLThe finite element method used by VAM3DCG
allows for non-rectangular enn......iind boundaries. ."3DCG's use of transitional
elements allows for a fine grid!i~ind wells and apsgifijgid in areas with less steep
gradients. The pseudo-soil funaion usedAim vAM5 0..iij . vides an efficient means to
approximate the water table conditiogpan i 3DCcfll been approved for use on the
Hanford Site.

The final three-dimensional grid used to model tbe:. West Area hi49,383 elements,
ranging in size from 600 m to 9.5 m in the horizsThf direction J .n. Ial dimension
was made up of six elements, equally divided omare depth of if u neaed aquifer at
each node location in the horizontal plane.

The water table elevation as measured in June 1993 a t ual condglm The
bottom boundary and the boundaries along Yakima Ridge and Gable&Rutte were w
boundaries. The remaining side boundaries were held at a constant head, with hiQIgd Iues
based on the June 1993 water table map. Artificial recharge from site operatiod ns i.
applied at appropriate locations, but the natural recharge was assumed to beazcr!g;! To
represent the conditions in 1976, a large artificial recharge was applied tQftier of the
200 West Area model and a steady-state simulation was performed. ThWi#*iily-state
solution was used as the initial condition for transient solutions in whitlkit artificial
recharge was gradually reduced. Recharge fluxes were based on previdus studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used.
Conductivity was uniform in the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal
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plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. A
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitatively
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary conditions or parameter values were
adjusted to provide a better fit.

Capture zones usWg .one pumping and one injection well were calculated for various well
locations and fijrtimes up to 150 days. In addition, the uncertainty in the spatial
distribution q.hy .i conductivity was recognized and a single simulation was carried
out in whid the wells were located near a boundary between a high conductivity and a low
conducii.4i.y.zone. The cpiure zones were found to change drastically.

2.1.5 HRA/Land Use: E1

The Hanford Rkmudia] Action .. dC...ftpehensive Land Use Environmental Impact
Statement (DOE 1996a) was d1to flcdiitate the change in Hanford's primary
mission from production fJOPl4r materiIdsfor national defense to environmental
restoration and long-t..m.m.nag..ent of Wgstes. As part of this transition, the DOE must
determine the optimum e of H.df rdSitz lands, facilities, and resources and how these
lands and facilities should be rem di&tedtb allow for beneficial future uses. As a transition
to the new mission, the Richland Enironmental Restoration Project Plan was developed to
provide information about the:#iisJiion needs and objecLivs, technical planning, project
schedule, and resource planniiigcessary for rqMOOlijatin f past-practice waste sites and
surplus facilities.

The role of the EIS was to documenin "7hepblic f:ir4u4, the process of determining the
best combination of potential land uses, remediato beefits, and remediation costs.
Through the EIS, the DOE responded to the need fri

* evaluate the potential overall cumulative impazts from impkmentmglhek ichland
Environmental Restoration Project Plan, including com .:.s

* ensure that site-wide future land-use objectives are&B6nsidered dring the sde-eiIn of
remediation methods

" develop a comprehensive land use plan for the Hanford Site in accorda... with DOE
Order 430.1, Life-Cycle Asset Management

* identify the irreversible and irretrievable commitment of natural resdiiures necessary to
implement the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the
potential impacts of various land use alternatives. The future land-use alternatives
considered are described as follows:

* Unrestricted Land Use. Residual contamination does not preclude any human
uses; however, access or certain uses might be controlled for other reasons, (e.g.,
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physical hazards, cultural resource protection, habitat protection).

* Restricted Land Use. Residual contamination precludes some human uses;
restrictions could apply to the use or disturbance of surface soils, subsurface soils.
surface water, or groundwater.

* Exclusive Land Use. Potential health risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be limited to the
management of. radioactive and hazardous materials and similar and compatible uses.
Control of.tlkirn a would be maintained by the DOE. Exclusive-use areas would
includebfilisew around active facilities.

To supportihe'human'haiWth impacts of consequence analysis of these alternatives, an
approadiWas developedifiat combined individual waste sites into groups and integrated

the effets of potential rek*ses to the environment. This was accomplished by grouping
waste ites by mediurm: (e., soils, groundwater), then aggregating the waste sites into I -

km2 (0.4-V) cells: intjtid overladon the Hanford Site. The potential contaminant release
and transpdrtthitlihie envirganiugrom each 1-km2 (0.4-mi2) cell was estimated using
the MultimeditEivironmen a JAfi% te-Assessment System (MEPAS) computer model
(Droppo 1991), which was* jged by.t:ie PNNL. Modeling results from multiple cells
were combined to estimg ait .. ntamini..oncentrations in the soil, groundwater, surface
water. and air to whidhig.ii madc.ig:Al receptor might be exposed. Source-term data
were compiled from theWaste Ii..ii..t:.biData System, Solid Waste Information
Tracking System (SWITS), and fhi-2OtiFdnvironmental Information System databases,
and from field investigation rep i.iind other sources, when applicable.

The risk to a given receptor w itermined.by :..... e quantity of contaminant
transported from a source to thai rece . piiIl.... 60tuliis were simplified by separating
the computational process into disctteFit kis. Tho kifodules include the source (waste)
terms, contaminant transport mechanisis, egisure Nharios, and the variables used to
calculate risk or hazard index from a given expEW. :he MEPASiniodel was used to
estimate risk.

To facilitate the transport analysis using the MNufS codefd ..u.ths wh*..Alculated
based on December 1992 flow conditions (the m6st current.ikfibimoted bi model). It
was assumed that those flow conditions remained consii:&r t&riation of .ii:particle
tracking. Particle paths were started at elements that dJdiiined celliiisbpresentn.ifihil::waste
and tracked until they reached a model boundary. Straight-line apprdkimations ftze flow
paths were then used in MEPAS to describe the travel paths from waste sites.

To generate path-lines for input to MEPAS, the unconfined aquifer at the . rd Site was
simulated with the two-dimensional version of the Hanford Site ground*IDkiiwiiodel
(Wurstner and Devary 1993). This model is based on the Coupled Pjikii Energy, and
Solute Transport (CFEST) (Gupta et al. 1987) groundwater code intei.ied with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al. 1987). A series of ARC/INFO macro routines and FORTRAN utility programs have
been developed to create an ARC/NFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particle travel
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analyses. A FORTRAN utility program would then generate a command file used to
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater mdm*ng is being used to actively support key objectives of the Hanford
Groundwaterftft..., which include 1) to identify and quantify existing, emerging, or
potential grggpd.&er uality problems and 2) to assess the potential for contaminants to
migrate frofli Hanfbi*tSite through the groundwater pathway.

TwQ ret specific assessments related to the Hanford Groundwater Program that have
made extEnsive use of gtiodwater modeling include

* Predicted W ..(df future wgirilvel declines on site-wide monitoring wells

* Development of a thre-diensional urundwater model and its application to
evaluating the impadcdtsfrisfng consimiinant plume migration on Hanford Site
drinking water syAfl* and gItrnndwatV use

These two groundwater modeling effrts are briefly described below:

2.1.6.1 Predicted Impacts oflFire Water-Level Dedift on Site-Wide Monitoring Wells

In this study conducted in 1994 (Wuatse Pfrbes'hli94), a two-dimensional
groundwater flow model based on tIdiCESThcode vased to evaluate the impact of
declining water levels on existing moiitoinngsvvulls si.4 ge unconfined aquifer. The model
was used to predict water-level declines in sel.......i.s in the oper-ing areas (100, 200,
300, and 400 Areas) and the 600 Area.

This early analysis using the two-dimensional 9li 4nide moe :howed thltthe effect of
declining discharges at the Hanford Site will be observe4 BMh onfined Aquifer for
several decades to come and that a large number of obsei:Mion walk are expecltd to be
impacted.

2.1.6.2 Evaluation of Impacts of Existing Contaminant Plume Mlgration on Hanfbrd Se
Drnking Water Systems and Groundwater Use

A three-dimensional numerical model of groundwater flow and transjrl:fVbased on the
CFEST code, was developed for the Hanford Site to support the Hanford Groundwater
Project managed by PNNL (Thorne and Chamness 1992, Thorne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was developed to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to
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simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aquifer system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three-dimensjaial site conceptual model. The resulting conceptual model contains nine
hydrogeologicqzia&i ve the uppermost basalt. A brief summary of each of these units is
provided in. ...l......

Prior tGc0dacting simlaions of contaminant transport with the three-dimensional model,
a previdi$.!teady-state, t."dimensional model of the unconfined aquifer system
(Jacobgn and Freshley. I*0) was re-calibrated to 1979 water-table conditions with a
statisticaliwerse metho4Jfnplemented in the CFEST-INV computer code. The results of
the re-calibitibnawer6ikisd to refia ibe three-dimensional conceptual model and to
calibrate it wi cptualizwdit hgipreserves the two-dimensional hydraulic properties
and knowledge of the aquifer a t&-diiknsional properties for the same 1979 water-table
conditions.

The transient behavidbe thre dmim al flow model was also calibrated by adjusting
model storage properties(specific iJ)j ii transient water-table predictions
approximated observed water-tabzlitvations between 1979 and 1996. Following the
steady-state and transient calibailWi; the three-dimensional model was applied to predict
the future response of the watiiikle to postulateW:;fja.mJr: in Hanford operations.

......... ............
Over about a 300-year period followjug*eadlijikidii of*Wi r discharges to the ground
at the site, the water table predicted i ..!...k.bI decLiibisignificantly and returned to near
pre-Hanford water-table conditions &i wer4isn io exist in 1944. Over this period,
model results showed that the water table will dEiii:uch as II zmiirthe 200-West Area
and 7 to 8 m in the 200-East Area near B Pond. Tbhqireas that wvi&$Jl.ted to be
different from the estimated 1944 conditions incIddI: I) h 200 Area
plateau, where higher predicted hydraulic headi ect bouW tnditidhat consider
the effect of increased irrigation from areas up-gradient .....im!ii iled regifiii and 2) the
area north of Richland, where the model considered th fdaulic-etft. of the,-
Richland well field. .......

Flow modeling results also suggested that as water levels drop in the vicinity ofh rA* Is
areas in the model, the saturated thickness of the unconfined aquifer greatly,*"::iIi..s .ii!..
may eventually dry out south of Gable Mountain along the southeast extcNikkIlfrf the
Gable Butte anticline. This phenomena would cause the unconfined aqgj&1 ithe north
and south of this line to become hydrologically separated. As a resulfi1lw.paths from the
200-West area and the northern half of 200-East area which currently Wiiend through the
gap between Gable Butte and Gable Mountain may be effectively cut off in the future. In
time, the overall water table, including groundwater mounds near the 200-East area will
decline, and groundwater movement from the 200 Area plateau will shift to a more west-to-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model
Developed by PNNL

Unit

Number Hydrogeologic Unit Lithologic Description

I Hanford formation/ Pre- Fluvial gravels and coarse
Missoula Gravels sands

2 Palouse Soil Fine-grained sediments and
eolian silts

Pho-Pleistocene Unit Buried soil horizon
containing caliche and
basaltic gravels

4 Upper Ringold Mud Fine-grained
fluvial/lacustrine sediments

5 Middle Ringold Semi-indurated coarse-
grained fluvial sediments

Middlt Srhpld Fine-grained sediments with
some interbedded coarse-
grained sediments

7 MniIg Rgoha Coarse-grained sediments

8 Lower RiwgsMi Mud Lower blue or green clay or
mud sequence

9 Basa Rgold .. Fluvial sand and gravel

Area plateau. Each of the transport simiuationsi.was...d on the predicted future transient-
flow conditions, and a high-resolution, finite-e7emiinXgrid designed :i resolve transport
calculations in the areas of current and future conmpin.ation.

Projected future levels of tritium suggest that water supply e4Ilsi the 4...Area at the Fast
Flux Test Facility (FFTF) and emergency water sipply w"Jk. .Mi..0-Ea area will
continue to be impacted by the tritium plume onginati frm thqk-East Are Er the
next 10 to 20 years. Tritium levels at well locations m 400 Area i(i 200-Eag Aj a are
expected to remain above the 20,000-pCi]/ level until sometime between 2010 ardM20,
After that time, tritium will continue to decline to below 500 pCi/l, at some time-p .i.een
the years 2070 and 2080. Model results suggest that tritium concentrations AgIOw W n
the 300 Area in excess of 2,000 pCi/] will not reach the North Richland wdilifid

Transport analysis suggests that only water supplies in the 200-East Ai r:auld be
impacted by elevated levels of iodine-129. Model-predicted levels of iine-129 suggest
that, within 20 to 30 years, iodine levels in excess of I pCi/ originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that levels in excess of 1 pCi/] would not reach 200-East Area
within 30 years.

Projected future levels of iodine- 129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board
(DNFSB), DOE has directed field sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level .waste (LLW) disposal facilities. In response to this, an initial composite
analysis of the Hgflrd Site was initiated in FY 1996 and is currently being conducted as
part of the Hg r id0kupndwater Project. This composite analysis is focusing on the 200
Area central-hie btt tse of the variety of LLW facilities (e.g., 200 West and 200 East
burial gr. LW :tank wastes, and the ERDF trench) impacted by the DNFSB
recoma .. tions. A dii.. document summarizing this initial assessment is scheduled to
be.cm i.eted by March I4 1998

As a partofthis effor PNNL staff have been working closely with representatives of on-
site progra",t Ai .I1.i -nd screa iiJ&ources that could potentially interact with
contaminantsifrinui.Hiford 1 .6 dmgaI facilities. Inventories of radionuclides that are
expected to contribute to th tj.l.dkted dose have been established for each of these
sources. Forecasts of rel8sMiv the aquifed from major EM-Program Facilities (200 West
LLW Burial Ground, . fiAf I -al GreiUs, ERDF Trench, and the low-activity wastes
from the TWRS Progr.hiave j - 1 jxfiid. Forecasts of release to the aquifer from
pre-1988 wastes from EM-30 or I 4Ii wngrams have been generated from reviews of
inventory records. Forecasts of *kas.es to the aquifer from residuals assumed in tank
farms, commercial low-level rodidktive waste facilitie&Aiquid discharge facilities (i.e.,
ponds, cribs, and ditches), reii4iifs assumed ia:sjir .s facilities, and graphite cores
from nine production reactors hde also.bcog.esfamn6t6d;4iroundwater modeling strategy
was developed to identify the scenark o i*j frameitibe modeled, the sources and
radionuclides to be included, and the f i.:s&:ki. dels.. .e used for calculating both the
releases to the water table and long term flowVA tdI. fr simulatiops in the unconfined
aquifer.

The scope of the groundwater pathway analysi 1 which is baself4N$thesfitaedimensional
groundwater flow and transport model develope by PNNESjmWp:the HaJjd
Groundwater Project, is to assess dose impacts for the qf 4i.i.awnr of .. iskg plumes
and from future releases of contaminants in the 200 AiiiI "The tt g.t anal..... ..
examining the transport of these current and future contiminant plufs from pr... y
conditions to about the year 3000. The hydraulic basis for these future transportAIiidons
was developed by using the three-dimensional model to simulate transient flowii
the unconfined aquifer in response to anticipated reductions in Hanford wast jvfr g
discharges in the near future. Model results show that the water table wg. ibh near
steady-state conditions within 100 years; final steady state would be rea A*Miiby the year
2500.

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios
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derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in current estimates of waste inventories, final
end-states of many LLW disposal facilities, and the future releases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau, this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis is currently planned
to be conducted sarting FY 1999.

2.1.8 C1 bia Rier Comprehensive Impact Assessment

To0 ..ate the impact t0 1we Columbia River from Hanford-derived contaminants, the
DOE, S. EPA, and tr Washington State Department of Ecology (the Tri-Party
AgreereitlAgencies itWjted a stu4y referred to as the Columbia River Comprehensive
Impact As igDmwi iilRCIA). T64Address the concerns about the scope and direction of
CRCIA as wdl a: e4 ihance reg :p.niti;ltal, stakeholder, and public involvement, a CRCIA
management team, composedie. jsreseii ives of the Confederated Tribes of the Umatilla
Indian Nation, Nez PiercTtli Yakamajnl-dian Nation, the Hanford Advisory Board,
Oregon State DepaE hennfitParty agencies, and Hanford contractors was
formed in August 19 . P n

The CRCIA. under agreement an ... the CRCIA Team, was conducted using a phased
approach. The first phase of " iEat$.ssment includedytwo components: I) a screening
assessment to evaluate the poivbtig1 impact to thed~tnnjsling from current levels of
Hanford-derived contaminants ftv order ia deliDiS on interim remedial measures
being conducted in areas along the dyI defiihin of the essential work remaining
to provide an acceptable comprehenstV irWn pac I*ssssment. Both components of the
CRCIA were completed and published in DC* E.4 1. Of relevance to this effort is Part
2 of the CRCIA report, which described the re ints for a fuf 'Columbia River
Comprehensive Impact Assessment. A brief symjii of these, j.... .pts, as they apply
to site-wide groundwater modeling, is provide 4*j6Jbw.

In Part 2 of the CRCIA report, several specific requirenKsr N em scribeiThe
assessment should include analysis of contaminant trii..rt throglite vadogigne and
in groundwater and determinations of travel times to ard concentrationis of contfijgwnts in
the Columbia River. In addition, the uncertainty in these quantities must be asselid.I.
Chemical and physical characteristics of the contaminants must be consideredtidii.i.i...he
dependence of these characteristics on soil type, groundwater chemistry, anrifrese
of other contaminants. Radioactive decay must also be included where '.e

The CRCIA requirements express a concern for the spatial variabilitf'iI7jfoundwater influx
to the Columbia River, whether through seeps, springs, or the river boitfom, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
estimated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.

21



A number of scenarios are required tu be examined in the CRCIA analysis. These include
modeling the groundwater recharge rate in such a way that the impact to the river from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the impact.

CRCIA requirements include an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This includes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of model
structure and the parameters used are required. When local-scale models are used, they
must be consistenty integrated with the larger-scale models, including the use of consistent
boundary condhiitifnd the maintenance of conservation laws across scales.

A comprt**saniV gis required for CRCIA. A suggestion is made that this can best
be accogjified by perfining successive, iterative analyses using progressively more
refincdxaiidels. In all cases, the analysis must include the dominant factors contributing to
dosehsk, the analysis nmis have an acceptably low level of error, distortion, and bias, and
the unee..nty in predintis must be quantified.

The CRCIA'tq4irements also .p,. e a number of software requirements on the design,
implementation, and procureme.t-o. coks. These include code verification and validation,
testing, and review.

2.2 Waste Management

Following is a review of projeatt.tgvities that have use4.groundwater modeling to support
major objectives for the Waste2Mknagement Progrum. Thaiie summaries reflect information
provided by RL technical prject manageM;d Wnttaticrpersonnel from Fluor Daniel
Northwest and Waste Management fieel kes 14Wt. rd. The modeling activities
summarized include those associated it h:. F.

* performance assessments of solid waste burribnds i the. ,:,.ast and West areas
* permitting of liquid effluent facilities includjng the state-apprvdiWiihd Discharge

Site associated with the ETF
* solid waste environmental impact statement

2.2.1 Performance Assessments of Solid Waste Burial Grounds in 200
Areas

Since September 26, 1988, performance assessment analyses have been requltd by DCE
Order 5820.2A to demonstrate that DOE-operated waste disposal facilitis - ;t.alming
DOE-generated low-level radioactive wastes can comply with perfonibjectives
quantified in the order and summarized in Table 2. Two separate peradiiance assessments
(Wood et a], 1995 and 1996), that have included use of groundwater modeling have
recently been completely for new solid low-level waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific
groundwater modeling activities carried out to support these analyses.

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examined the long-term impacts of LLW and radioactive constituents of the low-level
mixed wastes (LLMW) disposed in waste burial areas in two locations: ) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LLW Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 25 mrem/yr.

Drinking Water less than or equal to 10,000 4 mrem/yr.

E-10 a.ia ground and adjaent burial grounds in the northwest corner of the 200 East
Area and2) the active 21-E- 12B burial ground and adjacent inactive burial grounds
located hM the northeast. ier of 200 East Area. A separate analysis was included to
examine t...1 ipa S! Widctor coqIr00ment wastes disposed of in trench 94 of the 218-E-
12B disposa?fitY.. ow-levd.W.4'sm:disposed in active and inactive burial grounds
before Septembei26, 1988,.vm i Misi id dered in this analysis.

The performance assessint4 o e.200 WYt Area low-level burial grounds (LLBG)
examined the long-teitftfi'acts MtLLW s adioactive constituents of the LLMW
disposed in several actiVe waste burifl ts situated along the west boundary of 200 West
Area. Burial grounds consideredk e analysis included 218-W-3A, 218-W-3E, 218-
W4C, and 218-W-5. Low-levkiw'ass disposed in retired or inactive burial grounds
before September 26, 1988, (%flW-2, 218-W-4 . 4B, and 218-W- 11) were not
considered in this analysis. ..

To address the performance objectives rekttw grou. .ter contamination, two
groundwater exposure scenarios were considQ:#L,.QM-ikcenario consisted of an all
pathways exposure in which 1) radionuclides aiidtjwted from the fposal and are
subsequently transported by infiltrating water thrijkt&the vadosei.i.i;the underlying
unconfined aquifer, and 2) an individual drills a.iWf*fthat draws ii Ai..iifd water for
drinking, crop irrigation, and livestock productii.|::nd a deivgestion of
contaminated water, crops, milk, and beef, direct exposu...ii .-producng.
radionuclides in soil, and inhalation of contaminated d iS:The s .. x . n.
involved a drinking water scenario where only ingesti6,6-f contamimird watet ithe
unconfined aquifer was considered.

The conceptual model of the analyses by Wood et al. (1995 and 1996) focused mi
incorporating two general processes that fundamentally control projected eib"&imhfations 6f
radionuclides released from the LLW disposal facilities in groundwater:tiNisawn from the
unconfined aquifer from a downstream well: 1) the total radionuclide Van.'flux being
leached from the disposal facility per unit time and 2) the dilution that occurs as the
radionuclide activity mixes with the volume of groundwater determined by the regional
flow characteristics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensional plane oriented parallel to the general direction of
groundwater flow.
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The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakorr
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment (see appendix
E of Wood et aL, 1996). The model was used to estimate steady-state post-Hanford site
conditions underlying the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extra.lated to different waste volumes and waste inventories. The following
points are key..agfl*@jof the extrapolation process:

" The .cfQ.eection orinited parallel to the direction of flow and the downstream receptor
w11ai3Cmn the same -Ae. Given these constraints, all activity released from the
fcik4 A reaches the wmtrif table and is captured by the volume of groundwater that
pas'sa beneath the fgity and ultimately intersects the downstream well. Thus, the
radidoiud4ide co nqrtion in the water withdrawn from the well is proportional to both
the int6 fdi .li idting acr iltle entire trench floor and the volume of groundwater
into whictlm66taminant-id;dijaidi&sed.

" The integrated flux jdcflMlmsd by ti salected release mechanism. Three conditions
were considered i iirefriiw .hi#nalysis, including

* advective releases wheEhe radionuclide inventory was uniformly dispersed
throughout the wasm sime and was releam4e by the infiltrating rainwater. In
this case, the integrij flux is proport.ie radionuclide inventory and
infiltration rate and issinsensitivet&.M!W iiii a of release.

* solubility-controlled releaseiif WI.che iU conditions impose a constant
concentration in contaminated waiR.*I*iithe facility. In this case, the flux is
not proportional to the inventory; it igyM aprtional to theaissumed radionuclide
concentration, the infiltration rate an ivaste areaot Nh the release is
occurring.

* diffusion-controlled release where radionutilit Oleajets are conxA Jed by an
assumed diffusion coefficient. In this cas*4Th integraiiWftux is pii jonal to
the inventory, the area-to-volume ratio of individual contdiners, and tl!i2.
diffusion coefficient.

* The volume of groundwater that mixes with the radionuclides released "ii:ihi ater t
is proportional to the linear dimension of the waste volume footprinijjjii%
perpendicular to the direction of flow. Relatively little dispersion:4isis&wed in the
model and the area over which the groundwater and the contaminanfiolume intersect is
essentially the same as that of the area underneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or
increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

* ST-4500, 200?Ama ETF managed by WMH-PHMC

* ST 4501,T I'FSeccdary Cooling Tower Water managed by WHC-PHMC
* ST 4502H20 Area Treated Effluent Disposal Facility managed by WMH-PHMC
* ST 4S33, 183-N Back.Wash Discharge Pond managed by BHI-ERC

* ST 4507 100-N Sewasj&Lagoon managed by Dyncor-PHMC
* ST 4508,ydrote, Maintenanrc, and Construction Discharges. This is a site-wide

permit manad by both BH-ERC;and contractor personnel from the PHMC.

Of these facilities, the only f(iRity that hes used groundwater modeling is the 200 Area
ETF. A summary of this racemodelingepporu is provided in the following section.

2.2.2.1 200 Area Effluent Treatmeqf rVitv

In 1997, groundwater modehng.wat performed to support ongoing permitting
requirements for the ETF dispoj Wite located just rtxophif the 200 West Area (Barneti et
al. 1997). The ETF, also know:*tds the State-Afprt Lad Disposal Site (SALDS)
receives treated effluent containihg tritjumw0 is aT1 iWd to infiltrate through the soil
column to the water table. The facihfjibpptak.:i 0g perng iromulgated by WAC 173-216
(Ecology 1986), requires groundwater md.iring fqr ijlum. reportng of monitoring
results, and periodic review of the monitoringimmwo

The ETF began operations in November 1995 andfiItium was fi* ..... Id i groundwater
monitoring well around the facility in July 1996, Te SALD ndwitfrnonitoring
plan requires a reevaluation of the monitoring welnetwork visio he predictive
groundwater used in the original permit one year after f Vi dtectiii of tntium iuE
groundwater.

The three-dimensional site-wide groundwater model based on the CFEST-96 code:Iupij
1997), developed for use in the Hanford Groundwater Project by PNNL, wA used to
support this reevaluation of groundwater monitoring and facility performance. Tie site-
wide model was used to simulate transient flow for the Hanford Site ove be uext 100 to
200 years. These predicted flow conditions were used to provide bow*dwr tonditions for
a highly refined and detailed three-dimensional sub-model of the uncotfiied aquifer in the
immediate vicinity of the SALDS.

A comparison of results from a number of numerical models applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/ migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (i.e.,
municipal solid wte., high-level waste, remediation waste) and spent nuclear fuel are
managed by oaiQ W -Wf.4ord Site programs.

.......
The Hanford ite Sohidi(Radioactive and Hazardous) Waste Program EIS will evaluate the
potennal environmental impacts associated with ongoing activities of the Hanford Site Solid
Wasie Program, the impfitentation of programmatic decisions resulting from the Final
Waste Management Progrnrmatic Environmental Impact Statement (WM PEIS, DOE/EIS-
0200-F), and reasonaby itreseeabletreatment, storage, and disposal facilities/activities.
The EIS will 6vsujje ma vesl diiManagement of the program's radioactive and
hazardous wastks::.,uding w~atgdbenerated at the Hanford Site or received from offsite
generators, during the sant j-.yr peqiAevaluated by the WM PEIS. This EIS will
comprehensively analyze.Mip.cs of the proposed action and reasonable alternatives,
including potential ciatie ikpacts offher relevant past, present, and reasonably
foreseeable activities

2.3 Tank Waste Remedial :'. System

The following is a review of project a titi gehEIrnvc :ised groundwater modeling to
support major objectives for the Tak lWiije Remediglie. System Program. These
summaries reflect information provided y iL .ch.i.. project managers and contractor
personnel from Jacobs Engineering Group, -: 1GIJ and Lockheed-Martin Hanford
Company (LMHC). The modeling activities summaned lcludejhoessassociated with the
following key TWRS projects:

* TWRS Environmental Impact Statement

* Hanford Tank Initiative

* Performance Assessment of the Hanford Low Activity Waste Disposal Facilty

2.3.1 TWRS Environmental Impact Statement

this environmental impact statement addresses actions proposed by D. tnmanage and
dispose of radioactive, hazardous, and mixed waste within the Tank Wijie Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE's plans to manage and dispose of 1930
capsules containing 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaluate the
impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval alternatives. The groundwater part of the consequence
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakom et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site andiMgerlain onto a site map containing physical features and the source area
boundaries. NodiiiI.bers of model boundaries (e.g., basalt outcrop and sub-crop areas,
river nodes,: Wvenffluent discharge points, the eight tank source areas, and the
LAW disp~i frtility) re determined to allow numerical representation of these features
for the.d iing effort.

The flntlphase of the moding effort entailed establishing the steady-state flow field that
was cdOsitent with pre is site-wide groundwater flow simulations (Wurstner and
Devary I990 ..l swgtcompigjps.by adopting, as closely as possible, the hydraulic
parameters fio: hi& vious e .ms was necessary to generate the velocity field for
subsequent contaminant tran s The steady-state results with the VAM2D
model clearly matched r4lssfl Miously ::a:orted. This effort made use of EarthVision
and ARC/INFO softw...... ......ies to tiioate parameter distributions used for the
CFEST version of the!Mi'srwide ...a. ib rmats suitable for use by VAM2D.

The steady-state flow field, whicli-iI4ne of the principal bases for the groundwater impacts
assessment, was developed usiflj. ember 1979 site-wide water level measurements
because it was determined (W iRitir and Devaryli7 t this data set was most
representative of steady-state cohditions. .JUs! i.i.. 4 A itt also meant that the mounding
from U Pond and B Pond would be.....t4 u-mou ij was recognized as a present-
day condition that may dissipate ovefti hiveral des with changes in the site
waste management practices. It is conservati~idAmrij*iiverall groundwater concentration
and risk perspective to determine groundwater in .:::.vith the mouwgs in place because
the vadose zone would be thinner in the 200 Wedt iii j200 East AiMaia-it4 contaminant
travel times would be faster to the groundwaterim*Wlting in bNgfiond*.Mrations in
groundwater and higher risk. The travel time in theunconfzilmOAPA ifer totM1b"Columbia
River would not be materially affected by the groiindwawr;imitdmis..j., compij to.the
vadose zone travel time. The approach based on the DiViei&r 1979 water levefota
provides conservative, comparable results for each altediative, espee fy in liiLidh
uncertainties of waste disposal practices and how they would affect the present gmH~t.,
groundwater mounds, future land use such as irrigation to the west of the site wdconthm
site, uncertainty in the depth of contamination in the unconfined aquifer, anil dite
change.

Once the initial flow modeling was completed, input files were develbli6 perform
transient transport modeling from each source area for each of the alteriihtives. The results
of the vadose zone modeling were used to develop input records for the groundwater
model. Consequently, each groundwater simulation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model simulation to represent all contaminants with similar mobility from one source area.
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2.3.2 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

MEPAS was chQqsk-because it is a screening code (i.e., it uses relatively simple models for
flow and transgpwll pthus is relatively undemanding computationally, and it can provide
conservativgj*lWs9Yai has a built-in sensitivity and uncertainty analysis capability. Other
advantag(e5sitkinclaudtsview by a number of government agencies and other groups,
wide apofji0Ution, an intedi ed risk analysis using accepted procedures, a coupled database
of cbiterR&M and radionuile properties, and a user-friendly interface.

The strmltm of the MEPNAS code reuired a steady-state flow analysis with one-
dimensiong.tibjiiiisatura&I4pne. Based on detailed geologic studies, a simplified,
nine-layer v i:itn-e- model. .wiinbW-a xcted for the AX tank farm. Soil parameters were
based on data from a numbeiLdj. etidiill and near the 200 East and West areas (Khaleel
and Freeman, 1995). Digilfi of parieiters used in a probabilistic sensitivity analysis
were obtained from thess~ dii Sever snarios were evaluated with the numerical
model: the influence iWVU..sporp ... duitEiiorption near the tank release, the influence of
preferential transport via the annu ie mi boreholes or via clastic dikes, the effect of
enhanced infiltration around the .pdks and the effect of unsaturated zone heterogeneity.
The restrictions of the MEPASA!1i*k imited the ability.woccurately model these transport
mechanisms.

Detailed modeling at the AX Tank ... # arried it using the PORFLOW code for
both the unsaturated and saturated zdik9#W(aal c iunication, Phil Rogers, JEGI).
The purpose of the detailed modeling is to evAlaa6 attiiative remediation and closure
options at the AX tank farm. The saturated zonetiilegis a two-dinitiional site-wide
model involving both groundwater flow and contuimixant transp..mivwffItiisk as the
endpoint. Parameters and boundary conditions 4i numerig ikfel iiased on the
parameters of the three-dimensional site-wide ni"5bkl of thqw . . fjd Grotdi14ater Project.
A two-dimensional model was used in part to reduce thpidb*fif4f!qn1l reqii&enents of the
analysis. PORFLOW was selected because it is on th&eYiiN6f appiM vu.-.podes f44ii*
Hanford Site and it was already being used by members bf the projebVeam. Thiiii
dimensional model results will be compared to the three-dimensional Hanford GrN*4Iiater
Project model results as a validation exercise. A preliminary draft report for DO1atvew is
scheduled for completion in April 1998; a public draft is due in June 1998..,

2.3.3 Hanford Low-Activity Waste Disposal Facility Perf:diance
Assessment

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and health impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and double-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or
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TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

To date, an int ..W performance assessment (LAW PA) has been prepared to
provide as e... fi. ble an assessment of the effects of the disposals using available
site-specifiriiffrmai&h::The initial draft of the ILAW PA was completed in FY 1996 and
is currenyigiider reviewtFinal publication of the ILAW PA is planned for FY 1998. The
data aiidlinformation usedli the calculations of the LAW PA are summarized in Mann
(l995 . The data and inflflation documented include the disposal site locations, geology,
waste invatory, estim1 :iof recharge, disposal package and facility design, release rates
from glass w f tcgfu&g.>hydrolo arameters, geochemical parameters, and dosimetry.
The data padcis i&'describe i" ds and technical approaches used to generate the
values described.

Most of the data used t. PA is &eved from information obtained in other on-site
programs. The progfrMani tend.: ..gaidfinal LAW PA of the disposal facilities based
on the more site-specifi, waste-fdi ... d.. fc, and facility-specific data that are planned to
be generated over the next two tQ:jge years.

The proposed location for th# TRS LAW disp . iii lex includes two sites. The
principal site, which is located liilthe soutb Isfart g200 East Area identified in Mann
(1995) between the PUREX plant amiIW i liht, wiitore the bulk of the LAW
generated as wastes are retrieved frod iWv ell apdigiuble-shell tanks for vitrification
by private vendors. Another site, which is Ic- ai difr previously constructed grout
disposal facility just east of the 200 East area, IEhuiodified to redive initial quantities
of vitrified wastes from private vendors while th5ijiicipal was. aI facility is being
developed and constructed.

The ILAW PA analysis is currently being revised to prqi tern ei. ironmental
impact information needed by the Department to issueihste DI mgl Authqtj =4on
Statement which would allow the Richland Operations" ffice to pr:id with netdtj
interim steps of storage and eventual disposal including

" modification of four existing concrete disposal vaults at the grout site iiiWd .to
provide access for the immobilized low-activity waste containers

" placement of the LAW containers and filler material in the modifio titts with the
intent of future disposal in the grout facility

" construction of the first set of next-generation disposal facilities at the principle LAW
waste site

* emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent
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vertical and lateral transport through the vadose zone to the underlying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
considered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The ILAW PA used the PORFLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews. Although several
codes had many:the required and desired features, the PORFLOW code was the only
code considered rlikve all required and desired features. A major consideration was the
use of POm.LOW.lii ii Grout Facility Performance Assessment (Kincaid et al. 1995).

Flow a. gansport in t&i" adose zone from the LAW disposal facility was represented
numwitaly in a two-dimp;sional axial-symmetric cross-section extending from the
disposa1:facility through.the Hanford and Ringold formations in the vadose zone to the
water tae:,. Releases calczlated at the water table were then input to a two dimensional
version of rtaiIp :it-ide-groundwaxter odel based on the PORFLOW code. Development
of parametef eiitts' for the:sMe-witd:. model was based on the hydraulic properties used
in the site-wide model devel:.y.b...>ased on the VAM3DCG code.
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling in this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives,
drivers and moddgiig.attributes of all the modeling activities described are provided in a
series of tablesi 1 i&A. 1, A.2, A.3, and A.4) in the Appendix of this report. The
developmetfikiitde i1 requirements also made use of concepts and principles
develop.dbi feviousidik on code selection criteria developed by Westinghouse Hanford
Compny -WHC) (DOE/RL, 1991) in support of the ER program and FDNW in support of
the TWXS Program.

The recbntmended ntcds and requrements for the consensus site-wide groundwater model
are dividedi'flu' r subsections thttiacuss the following areas:

* Modeling Objectives
* Conceptual Model U4 Database Needs kd Requirements
* Computer Code Rqiremens
* Other Needs and Requirementdiiahted to long-term maintenance and care of the

consolidated site wide mod4 and processes needed to foster consistency in modeling
applications. ...

.................. ..... ....

3.1 Modeling Objectives

In defining the needs and requirements of a coiigidatid site-wide.g*mundwater model, the
objectives of the modeling study must be consideiL At the Hanfw5iMVe, groundwater
modeling applications have been carried out to1' AUfy a numbr ..objeitivms These
objectives, which also apply to future modeling Plicationfkicude th eliowng

* preliminary screening of sites for locating waste dispsal facil ..t.

* site performance assessments of proposed waste disposal facilities
* assessment of environmental impacts involving the prediction of contaminwtiranspon

and dose modeling for
* site-wide assessments (Composite Analysis, Columbia RiverC.pr.hensive

Impact Assessment)
* local-scale assessments.

" design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cleanup

" design and evaluation of site monitoring networks to predict:
* fate and transport of existing and emerging contaminant plumes
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" transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

* performance of groundwater remediation alternatives, and

* risk assessments

Although these modeling objectives result in different, and sometimes opposing,
requirements for the models, there are a substantial number of shared needs and
requirements.

3.2 Con hal MtWl and Database Needs and Requirements

The prny comrnonai d nong groundwater modeling efforts at the Hanford Site is the
colle.ik Wof data on whicthe conceptual and numerical models are based. These data
consistffi logic afrd'i&tologic measurements that have been collected on regional and
local scalAs!.ii sl t*ious actPfms at the Hanford Site. The Hanford Environmental
Information &je$fMth(H{EIS), thiiWm 2 Geographic Information System (HGIS), and the
Well Documentation Systed- W.L60C) are the primary repositories of data gathered
during groundwater andpti gJ!flxental didfitoring at the Hanford Site. These data cannot
often be used directlyji. htiical grou@Mvater flow and transport model, however,
without a significant iiint of iterpretation. For example, well logs undergo
a geologic interpretation to identify&itWigraphy of the aquifer. This interpretation is
then used to produce such informjgpin as a map of the top of the basalt, or a map of the
location of the contact betweea bi*anford and Ringoqdformations. Such maps can be
used to develop parameter diii iions (e.g., dtd ....i htee-dimensional geometry of
significant hydrogeologic units)'for a n M ... are based solely on the data and
do not depend on any particular nun M-i |- k or cmmA ter code that might be used.

The modeling activities currently under PNNLs. Gnxli water Monitqring Project use a
system designed to separate the specific numeri4: mo..del parametex.itimates , particularly
the grid and assignment of hydraulic properties,ftnb the interpni :igjigic and
hydrologic characterization data (Wurstner et aj I 9W5). A data ii.....jhas:j developed and
maintained in an ARC/INFO GIS that contains tlinfornat .essary *4velop
parameter distributions for use in a site-wide model, i; Jdiftig ft J0Wgic d.(
geometry of the main hydrogeologic units), hydrauli jerty eim .s, bou......
conditions, initial conditions, locations and volumes of sources and m ks, and h .i*..
recharge estimates.

The advantage of such a site-wide modeling database is that the model info... s sni
in a form independent of the computer code used or the assumptions made.'tiiiWParticulaf
modeling study. By storing this information as high resolution, reguladit:ded data
within the ARC/INFO GIS system, it is possible to use the model infdiftihtion at different
scales (e.g., in sub-models) or with different groundwater computer codes. This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the problem being considered. Currently, links have been created between
ARC/iNFO and the CFEST code, but creating links to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS, is
possible so that a suite of codes would be available for use at the Hanford Site.
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An additional advantage of the site-wide model parameter database is that it can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition is well established for the
unconfined aquifer (Hartman and Dresel 1996, Wurstner et al 1995; Law et al. 1996. and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or contaiainant profiles (or both) beneath several sites have been studied in recent
years and grea jpnded our knowledge of the vadose zone. Studies conducted for the
proposed gMJs .:idfacility and the 200-BP- I crib site, and the ongoing study of
recharge4igis1hydti~ip properties at the proposed disposal site for low-activity waste
from tank wastes are exhiples. Because an up-to-date site-wide modeling database would
be the basdi for all modefiqg studies at the Hanford Site, this approach will minimize
inm iMtencies in modelapplications.

A site-wide lmixlel pariter data.should be based primarily on data contained in
available sitM!dWidstabase sysigmglkaddition to HEIS, they would include a number of
user-tailored daabase systenigsai tiar5-sarate from, but coordinated with, HEIS. These
systems include the HGISufr Goscienas Data Analysis Toolkit (GeoDAT), and
WELLDOCS databaserstW~im&.imationd. btained in these databases can be processed
using available GIS Sofj$fe such isARCINFO and EarthVision to develop parameter
distributions for modelipplicatiofi ;Nis ious other smaller database systems also exist.
Portions of these databases may .id:4pplicable to a site-wide modeling database.
Redundancies should be minimi iEnd databases combied as appropriate.

......................
In a sense, the site-wide model ameter..4gwa6I.*6ii1iiepresent the most complete and
complex conceptual model in use at i. M i Site. Eccsfse of the multiple modeling
objectives in use at the Hanford Site i:(w.listabove),hw:ever, it is likely that more than
one conceptual model may be approprAte. Crn dig conceptual model of the
unconfined aquifer at Hanford developed by th6 iWx1lance prograhiiat PNNL includes
ten layers representing the Hanford formation, RWIi .d formatiQg..a.d...Merlying basalt
(Wurstner et al 1995, Thorne et al 1993, ThorneAsdChamnes ;92) lTheconceptual
model developed by BHI and WHC in support "6(RAJafiL &4 -$CLA sggat Hanford
includes three layers representing the Hanford formatiqw irld formif6n,:and
includes an impermeable lower boundary, the basalt. tmig ncepr'~f.imodel ussifix. support
of the Hanford Tank Initiative represents the unconfinedaquifer as %ingle layerf%
assumptions embodied in these conceptual models and the methods used to deve
parameter distributions for the associated numerical models are different. Docuniisi ii
should be maintained that demonstrates the consistency of all groundwater cwie.pia -
models in use at the Hanford Site.

To summarize, the major needs and requirements for a consolidated s i#Mfde groundwater
modeling program with respect to the conceptual model are as follows:

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in a model should be used in all modeling
applications.

" This model parameter database should be based on a consensus interpretation of the
available data.
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* The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

* Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and complex
conceptual model.

3.3 Copuiwr Cod Needs and Requirements

Thepti.cular objectivesO1 the modeling study and the associated conceptual model needed
to acbiewc these objectivescwill determine the needs and requirements of the computer
code(s..ed. Sine it.. possible, however, that a single code will be adopted in the future
for all sitN.-W jgW16d0aer. mod.. q ng, the needs and requirements in this section were
developed f&r ikWmif complex Oj&pwUal model and difficult modeling objectives likely
to be needed at the Hanford Sit5 .si-Wide modeling.

3.3.1 Technical R*quxrfllte:ts

3.3.1.1. FluidFlow

In general, the selected code stgitld be capable of simulating two- and three-dimensional
saturated confined and unconffid flow of constaiiidiiy groundwater i an isothermal
setting for either steady state of However, for certai
modeling applications such as the sidMiikmefremedwiaxin options for the carbon
tetrachloride plume in the 200 areas 6ihffictiondfinovative in-situ treatment
technologies such as in-situ REDOX treatment Wltodbiogies, capabilties to simulate the
effects of variable density would be desirable

3.3.1.2 Hydrologic Properties

The code should be capable of accommodating the three dimensionM geomety of the
important hydrogeologic units and the three-dimensidiim!spatial varion of hydui c
parameters (hydraulic conductivity, transmissivity, spe'ific storagetOrage coefficient
etc.) in important geohydrologic features. The code should allow anisotropic hydwulw
conductivity values.

3.3.1.3. Unconfined and Confined Aquifer Conditions ..

The selected code should be capable of simulating flow and contamiit iiitriiansport in
unconfined and confined aquifer systems.

3.3.1.4 Spatial Scale of Analysis

The selected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of
attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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3.3.1.5 Temporal Scale of Analysis

The selected code should have the capability to effectively simulate flow on a variety of
time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

The selected codeihould be capable of simulating contaminant fluxes in two- and three-
dimensions as.* ilmation of the various driving hydrologic processes and mass transport
phenomena, ihitdiflg t.vection, hydrodynamic dispersion, molecular diffusion, and
adsorption.

3 3 L,. Geochemical Model

The code hiould be abim10#.epresent geochemical retardation using a linear equilibrium
adsorption id:O w t.. the distribition coefficient depends only on the contaminant and
on spatial posQtl. ..............

3.3.1.8 Radioactive Decay

The selected code shldbe ablet mat.t.e ffects of radioactive decay. Another desirable
but not required feature would incikiiS&dapb.Olities to analyze the effects of complex decay
chains (for example, the decay of rium).

3.3.1.9 Coupling of Flow si& Contaminantriiisport

The selected code should contain suffiWidlpiiieskm site analysts to efficiently
simulate flow conditions only, contaymr .i..lii htsport bmwed on previously simulated flow
conditions, or combined flow and contiminAlik.tk tsmt

3.3.1.10 Particle Tracking Capabilities

The selected code should contain sufficient capa1iities for .sit iigysts t&[tftkjently
perform streamline (for steady-state conditions) arid paf e (f.r iransieninditions)
analyses in two- and three-dimensions.

3.3.1.11 Boundary Conditions

The selected code should be capable of incorporating time-dependent and spadIWy varv1g
boundary conditions. The code should be capable of simulating homogendos and non-
homogeneous Dirichlet (constant head/concentration) and Neuman (cogst:iF ux)
boundary conditions. The selected code should also have a prescribedIjiproach for
incorporation of time- and space-dependent sources and sinks of water ind contaminant.

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processing Software. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand
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results. Graphical interfaces are preferred to text interfaces. Such pre- and post-procesa;g
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions, in the modeling domain, and contours,
spatial cross sections, and time histories of contaminant concentrations is highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

Coupling with Geographic Information System. The code should have the capability to
receive and prodautc inputs or outputs to facilitate its use with the available site GIS's.
Linkage to sitOQWIS. and the site-wide model parameter database(s) would allow for the
efficient spek i4btRJhydraulic properties, boundary and initial conditions, and sources
and sinks

3.3 322 Model Reliability Issues

The selW 4 code shouildave evidence of reliability including adequate documentation,
verification a!g! st4.t 6f test p.....fms relevant to Hanford groundwater conditions, and
a body of m~dosialitations t -4tajdemonstrate its technical, regulatory, and public
acceptance. Following is a btIi scWi ign of each of these areas.

Code Documentation. nO.l....tin shptildbe readily available and cover the theory,
governing equationsg;i.esi fiptiOiil tikmfnethods, and user's guide. The code
documentation provides a referen&4frh*se who want to evaluate the numerical model as
well as a reference for the actual kilopment and application of a numerical model for a
particular problem. The user's.tlishould include a dqcription of the input required,
including the implementatiodfif7i1 execution oipn iiMiodlny formatting requirements. A
description of the output optioiMshould A4j05s i.ffr!the user's guide. If graphical
user interfaces to assist in the develp Omig iiput file4%n..d the display of output files are
distributed with the code, these shoiil T4itiimentediil the user's guide. Even though
graphical user interfaces may be availible, tha £. ised to contain the input and output
should be described, including formatting and'tii-J ... ion of parameers.

Code Verification. Evidence of verification shot4 clude cog o le code results
for a variety of known or accepted solutions. Tl*M:itrificatji. i.i13des &#Idince that the
solution methods used in the code are correctly imiplemeii 4.d 'wuld aIr'demonstrate
the effect of the assumptions and potential errors arisii"jifr6m liAyii of tlgbinesie.

Body of Model Applications. The selected code should be well regarded among t ii:
and regulatory community. In particular, the code should be acceptable to the !Vs-
Environmental Protection Agency and the Washington State Department of.ocg fr--::
environmental assessments at the Hanford Site. The code should have bed..gsd in
simulations of the Hanford Site unconfined aquifer with the results pubgojNitn externally
reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonable cost for the purposes
of repeating calculations and confirming results.
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3.3.2.4 Accessibility and Cross Contractor Use

The code must be available for use by all contractors performing Hanford Site groundwater
modeling.

3.3.2.5 Code Availability and Version Control

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
outweigh the useaOf a newer, but less tested version. The software should be maintained
under a qualit ' nibii program that documents modifications.

3 3 2 6 .$hilation Efficiency

The s ed code should.ave a variety of computational algorithms and solvers to facilitate
the effiient simulation of a wide variety of flow and contaminant transport problems.

3 3 2 7 P..abi.t.

The selected code should bp e 6f.1-being run on a variety of computational
workstations and platfozn& Wg ding UNWX-based workstations.

3.3.2.8 Proprietarv Codes.

Proprietary codes will be considrtd..if they provide an advantage over public domain
codes and only if the author(s)fLtisidian(s) allow inspection and verification of the source
code by DOE and its agentsJAbiIe inspections andti Iirification reviews may be required
to assist DOE and its contractars to rectify pr.b. I BnG teri R.iendftteed in application of the code
or in working with the code author{s)*.4Xii&Aop teck7WI..c approaches for required code
enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well domented andvml-sdppcrted by the code
developer to allow rectification of technical difficulties thatadfii its ap 1kion to
Hanford specific applications.

3.3 Other Needs and Requirements

One of the major needs identified in the initial assessment is for a process to foWr gr*ttr
consistency in applications of groundwater models by various on-site pro rans. Beca s..-
of the current organizational framework of the Hanford Site around majait.gsgrams andthe
partitioning of technical work and responsibility among the various si iisti-actors,
groundwater modeling being conducted to support individual proje& ... rograms has
yielded results that were inconsistent with those generated by modeling groups in other
programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

* the modeling objectives
* the definition of the conceptual model arising from differences in the sources and

interpretations of data and the assumptions made
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* the definition of the model boundary conditions
* the development of parameter distributions used in the numerical model, including

the method of calibration
* the computer code(s) used (e.g., two versus three dimensions)
* the numerical model discretization, typically chosen to balance accuracy and the

amount of time/money available
* interpretation of numerical model results, including estimates of uncertainty and

accuracy of. results, (e.g., two results may be different, but are not distinguishable
from eadiiter given the precision of the results).

Minimizing's ..sis. lcts in model results may best be achieved by standardizing a
conceptul iixnel around:*i site-wide modeling database as discussed above. In addition,
someef! hould be mit toward ensuring consistent development of parameter estimates
for of itic2kls. Equally in Witant should be a requirement to estimate the uncertainty in
modeliOsults and the doy -Wpment of standard procedures to do so. The site may consider
developnii cof a pwcftsfor revieqppf key groundwater modeling assessments similar to
what is i bi.i idone for- .m.. -nvironmental dose calculations. Currently, the site
has in place th&I{miiford Enyvitigiiii51 ose Overview Panel (HEDOP). The panel is
composed of representativestI the vktk.s contractors conducting environmental dose
assessments on the site. iTIiiiient cht" is to provide site wide review service.
consistency checks, on d.iada u r.sdi.sand assessments that make use of
environmental dose c ifknlations. A siMijlWa nel could provide this type of review for
groundwater modeling activities.

Another need identified in thisiks iment is the need&ifWle site to make a commitment to
support the long-term mainternmim and care.oftm a-widt :model. This commitment
would include a development and impl-m ...... a. a :&- R for

* maintaining the selected computer B6de(s) iiih Bsdianted conceptual model and
numerical model parameter databases in appr OI configuratigiijeontrol

" maintaining a detailed administrative record ges to
* conceptual model interpretations and ted modeFinet ..... ases
* development of new parameter estimates for. idi ial mod s re-

calibration is done in response to new infestfon on:].Ulgy, hy4i.i.c
testing, or water level measurements

* selected codes and related software as new capabilities are incorporati
updated versions of the codes are acquired

* testing and evaluation of the numerical model in response to code modi Ifiii6is or
updates to the numerical model parameter estimates

* identification and implementation of model capabilities based on iniii* d:
* transport theory (e.g., chemical reactive transport)
* computational and numerical methods
* computational equipment
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APPENDIX

ATTRIBUTES OF MODELING ASSESSMENTS PERFORMED TN
ENVIRONMENTAL RESTORATION. WASTE MANAGEMENT. AND TANK WASTE

REMEDIATION SYSTEM PROGRAMS

This appendix cq. as comparative summaries of the status, objectives, drivers and
modeling attnbqsWWS .i the modeling activities described in Section 2 of this report. The
informatiod&!%ibirnmaid in a series of tables (Table A. 1, A.2, A.3, and A.4) and is
based orri4w of thie!bj ectives and attributes of implementations of groundwater
modelsfo :going and ned projects provided to project staff by DOE/RL and
conrnirer epresentativesdf the Environmental Restoration, Waste Management, and Tank
Waste R emdiation Systm Programs. These summanes were also developed in part from
informatrimpthert4d infg consulWtions with U. S. Environmental Protection Agency,
the Washingt r$at ipartmeki oflEblogy, the Nez Pierce Indian Nation, the Yakamna
Indian Nation, And the ER subcttmxztte of the Hanford Advisory Board.

A.2



Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank 10-H j 100-11 100-D
Model Attributes LWDF's Storage N Springs Area lOO-D AreaJ;2-0UP-1 2 IW -l Area Area

Current Status
Work Completed ....... ....... _...

No future work needed
Future Revisions Needed x x x x x x

Work Initiated
Work Planned and In Baseline .... e......
Work Planned and not in Baseline

Drivers
CERCLA x x a x x x x x
RCRA Compliance
NEPA
DOE Orders
Facility Permitting
Emergency Response
Public Interest

Purpose or Objective of Analysis -
Disposal Site Screening Analysis ........
Site Performance Assessment
Design and Evaluation of Remcdiation x x x x x
Strategy
Assessment of Environmental lit!pUlfi
Evaluation of Monitoring Network und
Design
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A.3



Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program

I00-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank 100-Il IOU-11 100-D
Model Attributes LWDF's Storage N Springs Area 2l00-D Area 320 UP-I 2tP-I Area Area

Scope of Analysis
Dimensionality 3-D 2-D 2-1) 2-D 2-D 3-D 3-4 3-1) 3-D
Model Orientation Cross-section Areal/ X-sect Areal Areal
Flow Analysis

Vadose Zone Flow Transient Transient
Groundwater Flow Transient Transient Steady-slate :Ty.=iCf s44-dm Transient Transient Steady-state Steady-state

Transport Analysis
Vadose Zone Transport Transient
Groundwater Transport Transient TrauseSi Transient Transient
Geochemnical Capabilities Used/Required

Sorption x x x
Radioactive Decay w/o chain decay x
Radioactive Decay with Chain Decay

Scale of Analysis .. ......
Spatial Scale Loca. Local LSII tiocal Local Local Local Local Local
Time Scale <50 yrs 5yrs <200'yl. <50 yrs <50 yrs <50 yrs <50 yrs <50 yrs <50 yrs

Codes Used
VAM3DCG Gw GW
PORFLOW VZ/GW GW
STOMP VZGW
MEPAS
CFEST-SC or CF EST-96 ..........
MICROFEM .. GW GW
MODFLOW - GW GW
MT3D G, W GW
Spreadsheet Analysis
Flownnilh GW

n/a not applicable; VZ vadose ione; GW groundwater AA4



Table A.!. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank 100-1l 100-11 100-D
Model Attributes LWDF's Storage N Springs Area 100-DArea ; zotIJP-I 2t ZE-l Area Area

Boundary Conditions
Basalt Outcrops n/a n/a n/a n/a n/a n/a n/a
Cold Creek Valley n/a n/a n/a n/a n/a : n/a n/a
Dry Creek Valley n/a n/a n/a n/a W./h n/a n/a
Yakima River f/a n/a n/a n/a W n/a n/a n/a n/a
Columbia River n/a n/a

Constant Head Transient Transient Transient S'tif-IMa SUi y-slaie Steady-state Steady-state
Constant Flux -

Local-scale Boundaries
Constant Ilead Steady-state Steady-state SS &:iWm.: Steady-slaW Wicpdy-rnrne Steady-state Steady-state Steady-state Steady-state
Constant Flux

Natural Recharge x x x . X

Base of Model
3 m below Water Table ....... :::::4 ... .....
I lanford/Ringold Contact ...... x

Top of Lower Ringold Mud Unil x x-x x X X x

Top of Columbia River Basalts x x

n/a not applicable; VZ vadose zone; GW groundwater A 5



Table A.!. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses ,.. Studies

Dank 100-H. 100-11 100-D
Model Attributes LWDF's Storage N Springs Area 100-D Area l S UP-I 40 iZt3-1 A rea Area

ilydrostratigraphic Units 2 2 2 I I ,12:2:" :1 2 2
Banford Formalion x x x x x x x x
Ringold Formation (as single unit) x x x .x . x

Combined Ilanford / Ringold Formation .......
Palouse Soil
Plio-Pliestocene Unit
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6) .. .....
Middle Ringold (Unit 7)
Lower Ringold (Unit 8)
Basal Ringold (Unit 9)
Columbia River Basalt

Coniagninants Consldrred u/a
Radionuclides Sr lT.
Chemicals Chromium Chromium

n/a not applicable; VZ vadose zone; GW groundwater A.6



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford
Site-Wide Restoration RemedI : 200 Area

Remediation Disposal AclioniLsnd Soil
Model Attributes Strategy Facility U EIS R#'.pqiation

Current Status
Work Completed

No future work needed
Fulure Revisions Needed x x....

Work Initiated x
Work Planned and In Baseline
Work Planned and not in Baseline

Drivers
CERCLA .. x

RCRA Compliance
NEPA x
DOE Orders
Facility Permitting ..........
Emergency Response
PublicInterest ""

Purpose or Objective of Analysis
Disposal Sie Screening Analysis
Site Performance Assessment x
Design and Evaluation of RemedlfitnIStrategY x x x
Assessmen*teEnvironmental ,ikjs x x x
EvaIuaioiWjtoring Network and DMSgP
[Risk Assessn .... x x

n/a not applicable; VZ vadose zone; GW groundwater A.7



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Ilanford Environmental lianford
Silte-Wide Restoration RemlEdiat 200 Area

Remedialion Disposal ActiantLand Soil
Model Attributes Strategy Facility . je EIS #f(te~liation

.............................................. ........ %

Scope of Analysis
Dinmensionality 3-D +0 D .
Model Orientation Cros.i.i.... Awi _

........................................ .....Flow Analysis.....
Vadose Zone Flo Steady-sl141 Steady-stale x

Groundwater Flow Transieniu Steady-s5*l4: ' Steady-stale x
Transport Analysis x

Vadose Zone Transport SIily-slatc
Groundwater Transport h-isient S'*ady-stale "ead1y-siate x
Geochemical Capabilties Used/Required x

Sorption V :____' x

Radioactive Decay w/o chain decay ....N . x x
Radioactive Decay with Chain Decay.:,:,::::,:::..

Scale of Analysis , . .....
Spatial Scale a l i Local Sile-wide Local/ Site-wide
Time Scale <20iyl <c0,000 yrs <10.000 yrs

Codes Used .A 6
VAM3DCG GW ?
PORFLOW
STOMP
MEPAS VZ/GW
C'EST-SC 6FrC 't-96 GW
MlCROFEM ::::
MODFLOW
MT3D . :_ _ _ __...
Spreadsheet Analysis: x

RESRAD VZ/GW

n/a not applicable; VZ vadose zone; GW groundwater A.R



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanfordtuj
Site-Wide Restoration Remedktia l :. 200 Area

Remediation Disposal ActioWLid[ Soil
Model Attributes Strategy Facility j Use Eis f hnadiation

Boundary Conditions un &VA.
Basalt Outcrops n/a

No Flow x .................................................
Rattlesnake Hills Spring Discharge .............

Cold Creek Valley .....n/a
Constant Ilead
Constant Flux Steady-statfi::H.. .. Sliady-state

Dry Creek Valley _ _
Constant I lead
Constant Flux Slef te . ileady-state

Yakima River
Constant I lead Stiljyse. Steady-state
Constant Flux

Columbia River n/a
Constant I lead sIpy-staeu Steady-state
Constant Flux ......... .. .. ........

Local-scale Boundaries j: n/a n/a
Natural Recharge x x
Base of Model n

3 tn below Water Table
I lanford/Ringold Contact .. ..
Top of Lnw .Ringold Mud LJYg:: ......
Top of CbUiB River Basalts x x

n/a not applicable; VZ vadose zone; GW groundwater



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental HanfordI i.
Site-Wide Restoration RemcdiIj 200 Area

Remediation Disposal Actioitand Soil
Model Attributes Strategy Facility s, EI S ibdifiiation

llydrostratigaphic Units 2 ___ndetcd

I lanford Formation x
Ringold Formation (as single unit) x x
Combined Hanford and Ringold Formation iii:, x
Palouse Soil ....... ... .....
Phio-Pliestocene Unit
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6) .. ......
Middle Ringold (Unit 7)
Lower Ringold (Unit 8) ......
Basal Ringold (Unit 9)
Columbia River Basalt

Contaminants Considered
Radionuclides x x x x
Chemicals x x x x

n/a not applicable; VZ vadose zone; GW groundwater



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to Coltitn&kiver
Future Drinking Water Compreha ; Canyon

Water-Level Systems and Composxlo IMpail Disposition
Model Attributes Assessment Groundwater Use Analysth Assessmei.g4:: Initiative

Current Status
Work Completed ........

No future work needed
Future Revisions Needed x ...... x

Work Initiated
Work Planned and In Baseline
Work Planned and not in Baseline x

Drivers
CERCLA x
RCRA Compliance _

NEPA
DOE Guidance .i. Composite Analysis

Guidance
DOE Orders ____._.._.. _...

Facility Permitting x x
Efmergency Response
DNFSI. 94-2
Public Inierest .. " x

Purpose or Objective of Analysi:::::::::...
Disposal Site Screening Analysis ____
Site Performance Assessment x
Design and Evaluation of Remediation Strarcur
Assessment of Environmental Impacts x x x x
Evaluation of Monitoring Network and Design x x x
Risk Assessment

n/a not applicable; VX vadose zone; GW groundwater A.1 I



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Ilanford Groundwater Project

impacts to Coliau i#River
Future Drinking Water . Comti:i:t:..ve Canyon

Water-Level Systems and Compoeie Imi.W ,mp Disposition
Model Attributes Assessment Groundwater Use Analytk . AssessmenttWL; t Initiative

Scope of Analysis ... ... .....
Dimensionality 2-D 3-D. 3-D ?
Model Orientation Areal
Flow Analysis

Vadose Zone Flow .r.._ _ _ _ _ _

Groundwater Flow SS & Transient .::SS & Trahiint SS & Tra4iiiEU x x
Transport Analysis n/a ..-

Vadose Zone Transport Ttsient Transient x
Groundwater Transport .. rasienF" Tflhsient Transient x
Geochemical Capabilities Used/Required ..... ........

Sorption x x x X

Radioactive Decay w/o chain decay x x
Radioactive Decay with Chain Decay x ? ?

Scale of Analysis
Spatial Scale te-wide Site-wide Site-wide Site-wide ?
Time Scale yrs <200 yrs <1000 yrs >I 0,000 yrs ?

odes Used ?
VAM3DCG......
PORFLOW
STOMP VZ
MEPAS
CFEST-SC or CFEST-96 GW GW GW
MICROFEM
MODFLOW
M T3D ............
Spreadsheet Analysis

n/a not applicable; VZ vadose zone; GW groundwater A. 12



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to Coll 'K.b I iver
Future Drinking Water Compr# e Canyon

Water-Level Systems and ComposIte ip1? i Disposition
Model Attributes Assessment Groundwater Use Analyst AssessminTh : Initiative

Boundary Conditions U.....d..id. Undecided
Basalt Outcrops

No Flow x . 31,

Rattlesnake hIills Spring Discharge x . . .........
Cold Creek Valley

Constant Ilead .........
Constant Flux Steady-state =,teady slate Stead$.We

Dry Creek Valley
Constant I lead
Constant Flux Sueady-statc .:"dy-state Steady-state

Yakima River n/a
Constant Head Slii.distl
Constant Flux

Columbia River ...........
Constant Ilead , Sleady-state -stae Steady-state
Constant Flux

Local-scale Boundaries n/a n/a n/a
Natural Recharge x x
Base of Model -

S m below Water Table
Ilanford/Ringold Contact ......... ...........
Top of Lower Ringold Mud Unit x x
Top of Columbia River Basalts x x

n/a not applicable; VZ vadose zone; GW groundwater A. 13



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to Cottmbfl.River
Future Drinking Water Cmshnve Canyon

Water-Level Systems and Composite ImpM !p Dispositionutr DrnigWtr. ComIn.itie ayon
Model Attributes Assessment Groundwater Use Analyala Assessnilml Initiative

Ilydrostratigraphic Units Considered 10 10 
Hanford Formation x x
Ringold Formation (as single unit)
Combined Ilanford and Ringold Formation x
Palouse Soil 'KT. _ .
Plio-Pliestocene Unit x x
Upper Ringold (Unit 4 x N_
Middle Ringold (Unit 5) x _

Middle Ringold (Unit 6) x x
Middle Ringold (Unit 7) x x
Lower Ringold (Unit 8) x x
Basal Ringold (Unit 91 x x
Columbia River Basalt ....... x

Contaminants Considered
Radionuclides x x x x

Chemicals x x

........ ............... ..

o/a not applicable; VZ vadose zone; GW groundwater A.14



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management .:.Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid TWRS TIiik Interim
Model Attributes Area Area ETF DischargnWasteEW EIS initidi* PA Final PA

Current Status
Work Completed

No fture work needed
Future Revisions Neeced x x x x x

Work initiated ' x ' x x
Work Planned and In Baseline x:
Work Planned and not in Baseline
PA Maintenance x x -

Drivers
CERCLA
RCRA Compliance .x
NEPA x x x
DOr Orders 312-Z 520.2A 5820.2A 58202A
Facility Permitting x x
Emergency Response
Public igueres.

Purpose or Objective of AnaIysit _____

Disposal Site Screening Analysis":'::":;;:'::. x
Site Performance Assessment x x x x
Design and Evaluation of Remediation x
Assessment of Environmental Impacts ....:.: x x x x x x

Evaluation of Monitoring Network and DesigtflL.. x:::
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A. 15



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tiank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

..ha .brd..
200 East 200 East Other Solidi TWRS Ta44 Interim

Model Attributes Area Area ETF Dischargeo Waste EN EIS iuIdvt PA j Final PA

Scope of A nalysis .:: ..
Dimensionality 2-D 2-D 3-1 ) . 2-D 2- 2-D 2-D
Model Orientation X-section X-section __" ______ Areal/X-sect Areat/X-sect Areal/X-sect Areal/X-sect
Flow Analysis ....... F

Vad__s ___Z _______F_____, Steady-swate Seady-state Transient SS & Trans. SS & Trans.
Groundwater Flow Steady-state Steady-state :r.Vsifent 9.. Steadyille' Steady-slate Steady-state SS & Trans. SS & Trans.

Transport Analysis.........I.
Vadose Zone Transport . 1 sient Transient Transient Transient Transient
Groundwater Transport Ni sK" -Transient Transient Transient Transient Transient
Geochcmical Capabilities Used/Required

Sorption x x x x x x
Radioactive Decay w/o chain decay .x x, x x x x x
Radioactive Decay with Chax Decay x x x x

Scale of Analysis
Spatial Scale Local::': &Iqal Local ? Site-wide Site-wide Lod Site-wd Loc/ Site-wd Loc/ Sile-wd
Time Scale 409N.. <l0,0:M < 8yrs <200 yrs ? <10,000yrs <10.000yrs <0,000yrs >10.000yrs >10,000yrs

Codes Used .

VAM2D/VAM3DCG VZ/GW Gf.w /W GW
PORFLOW .... ..... VZ/GW VZ VZ
STOMP VZ
MEPAS VZ/GW
CrEST-SC or CFEST-96 GW GW
MICROI EM
MODFLOW
MT3D)

n/a not applicable; VZ vadose zone; GW groundwater A6



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management :.Ttk Waste Remediation System
LLW Burial Grounds . TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program . . . . Facility

200 East 200 East Other Solid TWRS Ta!ilI Interim
Model Attributes Area Area ETF Discharge Waste El: EIS j n-tMa.! PA Final PA

Boundary Conditions .Undecided
Basalt 0 Icrops n/a n/aS

NoFlow x x x x x x
Rattlesnake Ilills Spring Discharge x-x x

Cold Creek Valley n/a n/a ....
Constant Head .....
Constant Flux t ..... W0dy-stale Steady-slate Sieady-state Steady-state Steady-state

Dry Creek Valley n/a n/a nih
Constant Ilead
Constan Flux Steady-state Sleady-state Steady-state Steady-state Steady-state

Yakima River
Constant lead ut, n/a nib n/a n/a n/a n/a Steady-state Steady-stale
Constant Flux

Columbia River n/a n/a
Constant Ilead Steady-stal Siikrstale Steady-state Steady-shale Steady-sate Steady-state Steady-state
Constant Flux ...... . ....

Local-scale Boundaries ..
Constant I lead .. :. Steady-state S1i"iIiilcl_ Sleady-state Transient
Constant Flux Transient

Natural Recharge .. x x x x x x

Base of Model
5 m below Water Table x
I lanford/Ringold Contact x
Top of Lower Ringold Mud Unit
Top of Columbia River Basalts x x x x x x

n/a not applicable; VZ vadose zone; GW groundwater A. 17



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid:; TWRS P l I Interim
Model Attributes Area Area ETF Discharge Waste EUS 5>EIS .I.I.... PA Final PA

Hydrostratigraphic Units Considered 2 2 9 Undecided 1 2 2 2 2
Hanford Formation x x x .t x x x x
Ringold Formation (as single unit) x x x x x x.
Combined Hanford / Ringold Formation
Palouse Soil ......
Plio-Pliestocene Unit -
Upper Ringold (Unit 4) .......
Middle Ringold (Unit 5)
Middle Ringold (Unit 6)
Middle Ringold (Unit 7) x
Lower Ringold (Unit 8) - ...
Basal Ringold (Unit 9) x
Columbia River Basalt

Contanilnanis Considered
Radionuclides ... i x x x x x x x
Chemicals --- i it

n/a not applicable; VZ vadose zone; GW groundwater A. 18
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